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Dear Hans: 

Enclosed are two copies of the 1981 Johnson Space Center R&T Report prepared 
in accordance with your instructions. The report covers significant RTOP 
activity sponsored by the Office of Space Transportation Systems, the Office 
of Aeronautics and Space Technology, the Office of Space Sciences and the 
■ Office of Space and Terrestrial Applications. Although the funding of these 

activities is small in comparison with mainline programs, I view these inves 
tigations as a key to continued future mission success. They are closely 
coordinated with the 5-year plan in order to provide a balanced technology 
base for the 1980's new initiatives. 
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Christopher C. Kraft, Jr. 
Director 
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This report is prepared on an annual 
basis for the purposes of highlighting 
the fiscal year research and tech- 
nology (R&T) activities. Its intent is to 
better inform the R&T Program Man- 
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that promise prac.tical and benettcial 
program application. The report is not 
inclusive of all R&T activities. 

This document will be updated 
November 1 of each year. 
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Office of Summary 

Space 

Transportation 

Systems 


The mission of the Office of Space 
Transportation System encompasses 
the following three major long-term 
activities. 

1 . To provide easy, low cost access 
to, from, and in space for user- 
developed payloads to achieve their 
space objectives. 

2. To develop flight systems to 
enhance the Space Transportation 
System's unique capabilities and its 
role in the use of space. 

3. To develop more effective 
capabilities for man to live, work, and 
explore in space for extended periods. 

The goals for the continuing ac- 
complishment of the space transporta- 
tion mission objectives in the 1980’s 


are outlined in figure 1. They are as 
follows: 

1. To complete the acquisition 
and upgrading of the Shut- 
tle/Spacelab fleet, inertial upper stage 
(IDS), spinning solid upper stage 
(SSUS), and all required ground 
facilities and to operate them on a 
routine basis by the mid-1980's. 

2. To develop a manned perma- 
nent facility for operations construc- 
tion and research in low-Earth-orbit 
and to routinely operate it by the end 
ofthe 1980’s. 

3. To develop unmanned, multi- 
function, low-Earth-orbit, Shuttle- 
tended, free-flying Space platforms 
and to operate them on a routine basis 


beginning in the mid-1980's, 

4. To develop permanent manna- 
ble multifunction facilities in geosta- 
tionary orbit for operation by the late 
1 990's. This objective requires a major 
reduction in the cost of space 
transportation. 

The Johnson Space Center will be 
a major participant in the development 
and operation of all of these Space 
Transportation System initiatives dur- 
ing the 1 980's. The two areas of cur- 
rent maximum emphasis include those 
tasks required to bring the Space 
Shuttie into operational status and the 
pursuit toward early initiation of a per- 
manently-occupied orbital Space 
Operations Center. 


Figure 1 OSTS long-range goals. 
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STS Upgrading Activit'es 

The Space Shuttle will provide for the 
first time a routine capability to repair, 
service, or return satellites as the need 
arises. dSC continues to investigate 
systems that will enhance and 
upgrade the STS in the performance of 
these tasks. The manned maneuver- 
ing unit has been reported in earlier 
issues of this document. Its design is 
completed and awaiting final mission 
assignment. Also awaiting project ap- 
proval is the Power Extension Package 
(PEP), The PEP is a lightweight foldup 
solar array which will provide in- 


creased power and/or extended shut- 
tle mission durations of up to 20 days 
in orbit. The Maneuverable Television 
IS another servicing device under in- 
house development at JSC. Flown 
remotely model-airplane style, with a 
range of about 3 miles, this 
Maneuverable Television system can 
provide video and telemetry data back 
to the Orbiter prior to satellite servicing 
or retrieval. Also in the development 
stage is the Open Cherrypicker, a 
movable work station controlled by an 
astronaut on the tip of the remote 
manipulator arm. 

Twin studies are currently under- 


way to identify other servicing reguire- 
iTKints and the aids necessary -.o ac- 
complush them. Also reported m this 
volume IS work toward a new fpace 
.suit tiuU will greatly reduce crevytjian 
prebroathing requirements. Finally, 
upgrading investigations into piloting 
atd'.5 for proximity operations between 
the Orbiter and free-flying satellites 
are being pursued in order to minimize 
propellant consumption and pilot 
fatigue. The identification and 
development of these and other STS 
aids will be a continuing activity as or- 
bital missions become more frequent 
in the early 1980's. 


Figure 2.— Satellite servicing aids. 
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Space Operations Center 

fht* Johnson Spate Center cnntinu<‘s 
t(‘; vigtMtxjsly sijpfxxt the (leveloi>e)ent 
ol a perm.inentlv nwnned lo^^ t.trth 
oftiit tacility as the ag«‘ncy ftxrus tor 
the 1980's JSC also supixnts the con 
current (k'vt'loiW’^nt of a space frasetl 
(xbrtal transter vehicle as a net'essiiry 
comp.inion elenx»nt of the Space 
TransportiJtion System The Space 
Otx'raticms Center (SOO is mtencletl 
to txovitie .1 pernvinent txpitcjl facility 
kx servicing ol satellites, space basing 
of reusafrlt* upptv stages, assemlrly ot 
large paylo.u1s iintl stage, anil ftx con 
ilucting long iluration manneil 
science .mil .ipplic.rlii.xi entle.ivois 


The StXi; Progrpm Office was re 
cently ftxmetl to focus Johnson Space 
Center m.inagenal, technical, and 
ixjilijiMary efforts related to SOC and 
to develo^i the plans and documenta- 
tirxi necessary to suppixt early agency 
initi.ition Current activities are 
ftx'used .XI incremental buildup ap- 
pnviches for the SOC with a goal 
toward early operations under a con* 
str. lined tnidget. while preserving the 
I .ipability fix growth as functional 
needs are developed 

The current SOC related activity at 
JSC involves a contingent of approx- 
imately 50 program office and direc- 
fixate specialists The SOC is currently 
t.irgeled as a new initiative in 1985 


F igure 3 — Space Operations Center interim configuration 



Figure 4 — Space Operations Center growth configuration 



With initial opetatiixial capability in 
1988 Figures 3 and 4 depict the in 
terim ano growth configurations of tfie 
SOC as ilefined by the SOC Program 
Oft ice 

Hegenerable concepts that recovet 
oxygen and water from metabolic 
wastes are being developed foe ex- 
tended duration Otbiter and Space 
Operations Center a^il'cations The 
Ailvanced Life Support Laboratixy has 
been developed at JSC fix evaluation 
of the regenerable concepts The test 
prugtam plan includes both unnxanned 
labixatoty testing and long-duration 
manned chamber evaluation testing of 
regenerative environmental control 
and life support subsystems 

Testing of a process that recovers 
potable water from urine, using a vapor 
compression and distillation tech- 
nique. has been completed 
E lectrcxrhemical and catalytic proc- 
esses that accomplish the removal of 
carbon dioxide and makeup of oxygen 
in a cabin atnxisphere are now un- 
ilergoing individual tests, then group- 
ings of processes will be evaluated for 
system- level effects 

A 20- fool diameter vacuum cham- 
ber has been nxxlified to accomnx)- 
dale the installation of the regenera- 
tive life support subsystems A system 
configuration for air and water recovery 
that includes many ot the processes 
baselined for the SOC will be built and 
subjected to extensive unmanned and 
manned testing 


Figure 5 — AdvarKed Life Support 
Oeveloixnent Laboratory 
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Space Platform • Space 
Traneportation System (STS) 
Integration Studies 

Tim tree flying space platform will be 
launched and serviced by the Shuttle. 
Rendezvous with and berthing to the 
Shuttle will also be required for 
payload changeoul and periodic main- 
tenance. Although the Marshall Space 
Flight Center (MSFC) has the respon- 
sibility for defining and developing the 
space platform, JSC as the Shuttle 
operator/inlegrator must conduct in- 
tegration studies to insure that the safe 
and technically-feasible servicing 
operation can be performed by the 
STS. In order to conduct these integra- 
tion studies, a baseline reference mis- 
sion (BRM) was first established. The 
BRM described the general procedure 
for the initial launch and deployment 
mission of the space platform and 
payload. Spacecraft functions, crew 
timelines, and consummables utiliza- 
tion were included in the resulting 
BRM. This was done for all processes 
including space platform deployment, 
systems checkout, appendage opera- 
tion. rendezvous, reboost, and payload 
checkout. The results of the BRM were 
then used in other subsequent integra- 
tion and development studies by JSC, 
Rockwell, MSFC, TRW, and McDon- 


nell Douglas Astronautics Company 
tMDAC). 

Deploying the space platform from 
the payload bay. berthing it to the Or- 
biter, and berthing payloads to the 
space platform will be done by using 
the Orbiter’s Remote Manipulator 
System (RMS) The movement limita- 
tions of the RMS in doing these tasks 
were studied and defined by the use 
of a computerize-':' RMS kinematic 
simulation syste.r The simulation 
system also was furiher refined 
through the conduct of these analyses. 
A sample printout of the RMS move- 
ments IS shown in figure 6. 

The free flying space platform will 
be launched by the berthed to the 
Shuttle during times of maintenance 
and payload changeoul. While it is in 
the berthed configuration, the space 
platform may reflect thermal energy to 
the Orbiter’s payload bay door thermal 
radiators from the Sun and also back 
from the radiators. Also, in the berthed 
position, the power system may block 
the Orbiter’s communications anten- 
nas from transmitting to and/or receiv- 
ing from the Tracking and Data Relay 
Satellite System. Studies were con- 
ducted to define these blockage 
effects at various orientations. 

These are samples of the kind of 
space platform-STS integration 


Fioure 6.— RMS Kinematic Simulation System display. 



studies that will need to be done and 
refined for the space platform as it 
becomes belter defined. Additional 
studies to be conducted in the future 
will include structural analysis, 
dynamic interaction, stabilization and 
control, crew interface. RMS interac- 
tion, and space platform operations 
analysis. JSC will provide this type of 
analysis for all major new initiatives as 
they evolve. 
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Q*o«tatlon«ry Orbit Activitiat 


Operattons Center as a staging and 
logistics base For several years. JSC 
has studied the systems required for 
manned geosynchrorxxjs mission ac- 
tivities Fioure 7 depicts the crew 
nxxlule id'rntified for this class of ac- 
tivity It IS envisioned that large ser- 
viceable platforms will require on-orbit 
construction from raw materials carr<ed 
to the site by the Space Transportation 
System Construction expci ments 
have been defined to understand the 
complex Structure/Shuttle or st'uc- 
ture/SCX interactions and are retxwted 
herein Additionally, the definition of 
an automated-beam fabrication 
machine for construction of large 
structures thrcxjgh a geixletic beam 
approach shows great promise in this 
era Figure 0 illustrates the beam 
machine that wcxjid be earned into or- 
bi’ in the Space Shuttle 


Figure 7 — Manned orbital tranaler vetricle crew module 
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11 •ststlite tervICM tytteni 

Fuiided by: Major Systems Studies (UPN-906) 

Technical Monitor: G. Rysavy'EWS 
TasK Performed by: Grumman Aerospace Corporation 
Contract NAS 9*16120 
Lockheed Missiles and Space Company 
Contract NAS 9*16121 

12 Manned Rnmotn Work Station Davalopmont 

Funded by: Advanced Development (UPN-906) 

Technical Monitor: W. W. Lofland/EW 
Task Performed by: Grumman Aerospace Corporation 
Contract NAS 9*15881 

13 Manouwarabla Talaylalon 

Funded by; Advanced Development (UPN-906) 

Technical Monitor: R, H. Gerlach€D4 
Task Performed by: Lockheed Engineering and Management 
Services Company, Inc. 

Contraci NAS 9-15800 

14 Powar Extanalon Packago Solar Call Davalopmont 

Funded by: Advanced Development (UPN-906) 

Space Research and Technology Base (UPN-506) 
Technical Monitor: J. L, Cioni/AT4 
Task Performed by: Spectrolab 

Contract NAS 9-16126 
Applied Solar Energy Corporation 
Contract NAS 9-16125 

15 Powar Extanalon Packago MIero-Qravlty Effacta 

Funded by: Advanced Programs (UPN-906) 

Technical Monitor: J. C. Craig/AT4 
Task Performed by; TRW 

Contract NAS 9-15870 

Lockheed Missiles and Space Company 

Contract NAS 9-15595 

16 2laro Probroatho Syatam 

Funded by: Advanced Development (UPN-906-75) 

Technical Monitor: M. Rodriguez€C2 
Task Performed by: Hamilton Standard 

Contract NAS 9-15150 

17 Piloting Alda for STS Proximity Oporatlona 

Funded by: Supporting Studies (UPN-906) 

Technical Monitor: R. W. Becker/FM2 
Task Performed by: TRW 

Contract NAS 9-16275 


IS Automat«4 R«nd«ivout and Proximity Oporationa 

Funded by: Supporting Studies (UPN*906) 

Technical Monitor: R. W. Becker/FM2 
Task Performed by: UNICOM Corporation 
Contract NAS 9*16310 

19 tpaea Oporationa Cantor Syatoma Anaiyaia Study 

Funded by: Major Systems Studies (UPN-906) 

Technical Monitor; S. H. Nassiff/EB 
Task Performed by: Boeing Aerospace Company 
Contract NAS 9-16151 
Rockwell International 
Contract NAS 9*16153 

20 Vapor Comproaaion Diatiliation IJrino Wator Rocovory 

Funded by: Advanced Development (UPN-906) 

Technical Monitor: C. D. Thompson/EC3 

Task Performed by; Lyndon B. Johnson Space Center 

21 Hyporvontiiation Waah Wator Rocovory Syotom 

Funded by: Advanced Development (UPN-906) 

Technical Monitor: H. E, Winkler/EC3 
Task Performed by: Carrie, Inc. 

Contract NAS 9-16235 

22 Uitro-Microwavo Communicationa Syotom 

Funded by: Advanced Development (UPN-906) 

Technical Monitor: J. S. Kelley/EE3 
Task Performed by: McDonnell Douglas Astronautics Company 
Contract NAS 9-15617 

23 Spaco Conotruetion Exporimont Dafinition Study 

Funded by: Major Systems Studies (UPN-906) 

Technical Monitor: L, M. Jenkins/EB 
Task Performed by: General Dynamics-Convair 
Contract NAS 9-16303 

24 Mannod Qaooynehronouo Mitaion Roquiromonta and 
Syatoma Anaiyaia Study 

Funded by: Major Systems Studies (UPN-906) 

Technical Monitor: H. G. Patterson/EB 
Task Performed by: Grumman Aerospace Corporation 
Contract NAS 9-15779 

25 A Qoodotic Boam for Spaca Fabrication 

Funded by: Advanced Programs (UPN-906) 

Technical Monitor: T. J. Dunn/ES 

Task Performed by: McDonnell Douglas Astronautics Company 
Contract NAS 9-15678 


SaUllit* Services System 

The operational Space Transportation 
System (STS) will have onorbit 
satellite service capability using the 
Obiter Remote Manipulator System 
(RMS) and extravehicular activity 
crewmember for (1) payload deploy- 
ment and retrieval. (2) payload sup- 
port on sortie missions, and (3) limited 
satellite support servicing within 
and/or adjacent to the cargo bay The 
STS satellite servicing capability can 
be readily increased by the develop- 
ment of the proper servicing equip- 
ment Items Considerations include 
satellite user market. ser\'ices needed 
for satellites, and servicing modes 
Anticipated capabilities include 
resupply of expendable items such as 
propellants, or raw materials for r^roc- 
essing. checkout/maintenance ;'ind 
repair/replacement of comporent,';. 
reconfiguration of sensors, and com- 
ponent exchange 
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Satellite mission models were 
developed to identify onorbit sen/ice 
concepts compatible with the satellite 
user community needs The mission 
model data base was derived primarily 
from NASA, the Department of 
Defense and commercial mission 
plans, but data from available 
literature were also included. 
Emphasis was placed on Orbiter and 
near-Orbiter operations in the 1981 to 
2000 time period The approach used 
to develop satellite sen/ices concepts 
was to analyze servicing scenarios as- 
sociated with the selected satellite 
mission models and then derive the 
appropriate service equipment re- 
quirements The equipment selections 
were guided by the following 
groundrules (1) attempt to standard- 
ize onorbit sen/ice operations. (2) 
maximize the use of existing equip- 
ment and those under developnient. 
and (3) enhance the utilization of the 
SrS to the satellite user community 


Figure 1 — Servicing supQcr* 
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Contracted and in -house studies have 
defined an overall plan for implement- 
ing a Satellite Services System and 
have identified the required servicing 
equipment The plan is based on the 
timely development of "generic" 
types of service equipment that are 
essential for the majority of the antici- 
pated service functions The plan in- 
cludes four equipment categories as 
follows 

1 Inherent equipment - Equipment 
that IS inherent with the STS system, 
such as the Remote Manipulator 
System, extravehicular mobility unit, 
and manned maneuvering unit 

2 Generic equipment - Equipment 
which integrates with the inherent 
equipment and has growth potential, 
namely, the manipulator foot 
restramt/open cherrypicker, work 
restraint unit used in conjunction with 
the manned maneuvering unit, 
maneuverable television, holding and 
positioning aid, fluid transfer, and 
■V : tools 

,, Unique equipment - Equipment 
ur-.que to special mission require- 
ments such as hand tools, equipment 
stowage, payload handling devices, 
and special purpose remote manipula- 
tor end effectors 

4 Advanced equipment - Equip- 
ment potentially needed to fulfill future 
mission model requirements such as 
tow tug, sun shield, dexterous 
manipulators, lighting enhancement, 
and deorbit propulsion package 

Full-scale test models of the open 
cherrypicker, maneuverable televi- 
sion, and work restraint unit have been 
constructed and evaluated under 
simulated zero-gravity conditions A 
detailed design of the holding and 
positioning aio has been completed 
and IS available for the fabrication of a 
test model Results of additional 
studies being conducted for the eco- 
nomic aspects of satellite servicing 
will be available in March 1982 Fiscal 
year 1982 studies will define the 
satellite design features and inter- 
faces required for onorbit servicing 
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Mann«d Ramota Work Station 
Davalopmant 

A pnmt» is liut Itn* 

iKKial SiHitlU* will luivt* liM’ 

CatKlt'llV lo S«*IVK O S.ll«*llltOS .llt.U'iMHl 

in tt)(> paylivul t)«iy and dt’tarhnd in a 
luH* Hying iiKHk* Sluilins h.ivt* iik'n 
tiluHl |h«» s|MH'ilic lianlwan’ tk*vt»lop 
nHMil mH'f*ss4«y foi Hu* nxliavi'hiajlai 
artivily (I VA) .isliivi.uil to ifvioast* oi- 
tiit.il puxkM'tivity lot s^itollili' KTivioing 
anil nviinUMiaiK'o. ins^KH tiiv), and lix 
JHltl*ntUll lOfMII ol tfio Olt)ltl*l 0»H» 
iik'Mtiliod iuM*d IS U' pioviik* ttu* astio 
naut with a sUilili* plalfixm liom wtm h 
ht* ran |H*ifo»m .1 vanoty o( wixli fuiu- 
lions iiHJi)liHl with Ifu' r.Hviliilily lo 
lians|> Ml n»pl«H‘onK»nl iniHliiles to and 
liiMii Ifio C)il)itoi IIh' nunnod lonx^lo 
woiK station ’’op*’*’ choiiypicKtM" 
tCX'P) IS .1 viMsatiU* system IfMl ran 
piovide ItH'se i\H>al)ilities the rheiiy 
pirkei IS altartied lo ttie end ol Hie 0» 
Intel Henxtie M.mipulaliM System. ,ind 
tx)lti aie riMilfolled and oi't’ialed liy 
lilt* i VA astiiMUiut kx^ated imi the CX'I’ 
W Mk platlixm Ifx' rtHviypirkei will 
not only entiance Spare Shuttle 
i^xMalions in tfie iumi leim lix satellite 
seiviring, txil it will also pioviile tfie 
ratxihility lo ikvixMisliale Itx'hniqiM's 
4ind ii^H'i.ilKMis Ifial ran tx' used to iH> 
timi/e riMi.stiiK'tiiMi ol luluie lahji* 
system pioieiis 


A piov)iani Itvit iix'link’s ik»veki|inienl 
test aitirles fxis Ixhmi liNiixilaleil Iin 
evaluatiiMi arxl ik*velot)nx»nt ol lliglil 
liaidwaie KHtuinMixMits 1 his d|H''('(K:h 
i(x:ludes engiiuxning sinxjIalKNis aiul 
It'sting iMi tfie JSC' Weiglitless Fn 
viiiMiriMMit lest f mality and Mani^Hiki- 
tiM lX>vt‘loiMiMMit I malily A sinxilalxMi 
IMoyiam fias Imxmi ilevelofHHl and 
us«x1 to (>v.iluiite CX'P systems and 
iknixMisliate satellite s«»rviring Ihe 
(.X'P IS sfx>wn seiviring a satellite at- 
tarlHHl to the cktiitei (xiyload tiay in 
tigiHe I 


two lull-si'ale iXd’ lest aitKdes fwive 
txxMi txjill liM (>valut(lKMi in IIh’ Qum 
man Aeiospace Co»|Hifation I iiige 
AiiyilitiKle S|xk'e SihkjI.iUm and the 
JSC facilities During the t aige 
AiiHililiKk' S(Xk'e SinxikitiM tests (lig 
2). Hie liasir o(x»fatKMvil u'lit of Hx' 
tX^P krxiwn as the nxinHxilaUM lixil 
lestiainl, (Ml H) fxis lxx»n evakkilrxl 
Ihe Ml H. (Mo^xistHl fix early llivjhls. 
consists ol Ihe strixigtxirk supixxt 
stiiK'ture, a rotalahle standaid kxit 
restraint, arxl a rotatatile handlxiid/tix>l 
r.iddy l\isitiiMiing ol Hx’ Ml II is ron 
IioIUhI hy the renxite nxinipulatix 
operator The anrillaiy eijuipmenl. 
siK'h as Hx‘ txiykxid Ixindlirivj iX*vire. 
ran tx* aiXled later lo pnxkK'e Hit* fully 
oiX'ialiiMxH CX'P I lx* CXd’/MI M test 
article will lx* intt'^jrated with the JSC' 
Miinuxilatix IX’vekH)nx*nl I arility in 
1 982 and ust*d in sinxilalKMis with Hn* 
Shuttle HenxHe ManipukiliM ixi tin* an 
lx*aiing fkxM l\vssililt* lutuie iipplira 
liiMis ol tin* m.inix’d renxiti* wixk st.i 
liiMi iix'kHk* closed iMessuri/ed r.ilnn 
veiSKMis. railed wixk st.itnxis. .ind 
lux* Hying wixk statiixis 
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Man«uv«rabl* Talevialon 

ffH* ptinwtty t.ish (if tfM* SikK't* Shuttle 
will iH* to I'aiiy iMykxKls into ixbit amt 
service (viykxuts th.it .iit* in otbit This 
function of s.il«*llile s»*rvices eix'onv 
(vtsst's many ik'pk'ynvnt and lefneval 
(HX’tations that will leiiuire sfieciali/ed 
tixils to assist lh«* (.>t)ite» in avnpiet- 
my Its missKwi (,)ne id»*ntified ntvd is 
tfie au**»tiility to lenxitely (Hiserve 
fwykvid ixH‘iati(yis and to inspcK’t 
satellites piicv to lin.il .ippiivK'h t>y the 
t>liil«*i AfxMfH'i ntH‘d will tie to ^vo- 
vide assistance to .i small or unstable 
satellite to cortH’lement hie letneval 
by tfie Ofliitef HeiiHift* M.ini^xjl.iKu 
System 1 fie M.iniMve able T eleviSKm 
tMTV) IS utiikv ik‘vekvoient ,it JSC to 
piiividt* these ca(i.ihilities in support of 
s«itellite stvvices 

A study w.is initiated in fis''al year 
1978 to idtvilify the tyjH' of /ehicle 
that could providi* su(Hxiit to voe Of- 
Intel in ( kist’ pioximity wfien iHMkxm 
mg satellite seivues The study 
detmed .1 snull subs.itellite th.it will 
iHxv.ite in ih»> ne.ir field of the t,>bitei 
h.ivmvi .1 fill! siH ikxjnx's of fu*edivii 
.md diiei'ted by ,i ciewnx‘mlH*i fiom 
the aft statKVi (if tfie C'ktiitei Ihe suti 
Siitellitf*. the M.irxxiveiatile Television, 
will function similaily to .1 renxitely 
piloted vehicle Ihe MTV is renxitely 
controlled tiy tfx' iTrlnter crew and, 
after uridix'Kmy frcxn the fliyht su^HX1»t 
statKvi in the LTrbiler paykxul txiy. is 
directed to nxirxxjvei to the desired 
ms;x'ction iv assistance ^x 1 mt The 
MTV IS .ipproximately 1 meter on each 
sid*', uses cle.m nitroyt'o gas for pro 
fHillant. and carries s«‘vtiral television 
canxvas Videti of tht* otiiect under ob 
servation along with telemetry mfof- 
fixation IS transmitted to the Orbiter 
closed circuit televisxm system The 
MTV provides its own battery ^x 1 wer 
and lights for (X'hialmy in nonillumi- 
nated areas Figure 1 is an .xitlme of 
the MTV and its subsystems Sub 
systems were designed to utili/e oft- 
the shelf hardware as much as ixissi- 
ble Figure 2 depicts a satellite in- 
siiection mission utili/mg the MTV 

The efAxts of fiscal years 1980 and 
1981 resulted in the fabrication of a 
f(jll scale engineering nxxJel that will 
be cxierated on the JSC air-bearing 
facility This rrxxlel re(iresents the 
end to end elei'tronic systems, ixiwer 


system, p* xxii.-rm »,s*em. and (Xx K 
ing systt Sb-hc ferhng of the 
elocf'iMiic i • * r.iecf. '• :r v systems (if 
the MiV 'avi- b*-n- (.. in.el d with 
satisia \ ! sul u 'amic tt'stmg 
on the ail ix* >i'f icility will tx* 


cixidiK ted during fiscal year 1982 to 
(•vakxile tfx* ix»rf(xmarx'e with three 
di*gr»x*s (if frrxHkvn, to evakxite the 
crew model interfaces, and the 
IrMenx'try requirements 


F igur* r _ Th* MarwuvotAtilH T«l«viaion i(it<«rrtiil 
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Power Eiteneion Package 
Solar Cell Development 

Thf PowiM txlensKm P.u Kiige (PtP) 
I'uiUMitIv .iw.iiliMQ phtiM* c/(1 tntlialKXi 
will it\}iiiu‘ ii l.iigo niimtH»i of s«.>lai 
I't'lls, itkvi* than any Imovuxjs spiH'e 
piojtH i |lig I) IlH’ ajrteni cost of 
spiK t* siil.ii lells, .ipp(o>onwjU»lv SI 00 
jHM wall. IS piohilulively »‘xtH»nsive liv 
.1 pu'itH'l ol |fM» MurgniliKk* ol PfP 
SliKlit’s iwxlm’li'il ikiiing lht» PtP at'- 
livily at JSC have shown the 
IH>ssiliililv ol tetliK'ing this cost to $30 
|H‘i Wiill lh»’ cost u'duction can tit* 
aci ixnplish«»d liy increasing the si/e 
ol the iiHlivKlikJl solai cells, simiilify- 
ing Ihe l ell stHH'ilicatiixis, «»nc1 in- 
cie.ising the ii, line piccess contiol to 
leiliK t* eiHl 111 lint* ilestiuctive testing 
The tvisic piolilem .uklfessecl in the 
Pt P solar cell ik'velix’nienl activity is 
to ■**M»‘imine whethei iv rxit the txjrsuit 
ol it'se cosi uxkK'tion techniques is 
appiiH’iiale lor Ihe Pf P atH'licaticxi 

T ht* appiixich has PcH»n lo cixidiK'l a 
two phase pii'giam al two s^xice solar 
cell supt'lieis. Applied Solar lnt»rgy 
Civp and StHHirolab The gc\il of 
phase I wa. lo verify that large area 
solar cells c»'n Ih» fabricated to yield 
Ihe s.ime tH' fiHnuirx'e as the nxve 
ixviventiiHxil siuiill solar cells (See 
liguu' '2 ) In .rddiliixi. phase I was to 
ilelermine il the l.jrgt* cells are vip 
plical U* in Ihe PfcP array designs 
ileveliHH'o by TRW and Ux'kheed 
Missiles and S(xu'e Coni^xjny 

f’hase II. lo iHigin in early FY-1082. 
will provide several Ifxxrsand cells fex 
(.Hkilitication 

During 1981. both ASEC and 
S(HH 'tolab clvn^)leted phase I of the 
solai cell development program 
Several hundrenl Iar,,e <irea solar cells 
were prexlu’c-d and trsled by NASA 
<«rxl the array venders Candidate cell 
lytx?s wen' ladialicHVtesled by Lewis 
Hest'.irch Center lo aid in Ihe selection 
ol a gc'neric cell lytw fex the PEP ap 
plication Solar cells (xixkxed during 
l>iasc' I are also under evaluaticxi al 
TRW and Lockheed Missiles and 
Space Civixxiny lo delermirx? if they 
are ccxinxilible with Iheir ixwlicular ar- 
ray dt'signs 


C:^!C:N 
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Pow«r Extension Packago 
Micro-Qravity Effacta 

The Powei Extension Package (PEP) 
shown in figure 1 is a mission kit 
designed to provide the Space Shuttle 
usage with added power and in- 
creased mission duration 

The dynamic environment in which 
the PEP solar array must exist is not 
purely zero gravity Obiter attitude 
corrections, maneuvers, and ''ther 
operations produce various loads on 
the array assembly In addition, the 
array must be capable of deployment, 
retraction, and ^n tracking under a 
wide variety of Orbiter mission 
requirements The movements of the 
array and its various subassemblies, 
which are necessary to meet these 
requirements, present a number of 
unique design requirements The 
design of the pane* hinges, substrates, 
and guidewire system must provide 
support and control of the array 
blanket at all times to prevent damage 
of the solar cells and other 
components. 


Test articles were built that repre- 
sented the two basic array design con- 
cepts of TRW and Lockheed Missiles 
and Space Company. These test arti- 
cles were flown in NASA's KC-135 
aircraft and subiected to predete<- 
mined gravity levels ranging from 0 to 
0 3 g During the inflight testing, the 
array test articles were deployed and 
retracted to determine the sensitivity 
of the various design parameters to 
performance requirements. Various 
characteristics suen as hinge and 
panel stiffness and guiijewire tension 
aiid location were tested Figure 2 
shows the actual test configuration for 
the LMSC design. 


Under the test conditions, both 
designs were shown to function 
satisfactorily at gravity levels of 0 2 to 
0.3. 


Figure 1 — Orbiter Power Eiteneion 
PeeXege 




Figure 2 — KC-135 micro-gravity teat ot LMSC baaclirw configuration 




Zero Prebreathe System 

The cufrent baseline in support of 
operational Shuttle Extravehicular Ac- 
tivities (EVA) requires that EVA be 
conducted at <1.1 psia from a 1 4.7-psia 
cabin. To tirecludo the "bends", a 
painful and potentially dangerous 
physiological condition resulting from 
bubble formation when dissolved 
nitrogen in body tissues is driven out of 
solution by exposure to reduced am- 
bient pressure, Space Transportation 
System crewmembers probreathe 
pure oxygen for 3 hours to denitroge- 
nate prior to an EVA. However, the 
crew considers the Portable Oxygon 
System used for prebreathing ex- 
cessively restrictive prior to Ex- 
travehicular Mobility Unit (EMU) don- 
ning. Additionally, denitrogenation 
can be significantly reduced by acci- 
dently taking one or two breaths of air, 
considerably increasing the likelihood 
of bends. 


In order to avoid the encur^berances 
related to prebreathing, a study was 
instigated to establish how to best 
eliminate prebreathing with minimum 
hardware impacts. The variables that 
could be altered to effect (he desired 
results were cabin pressure and EMU 
pressure. 

Factors considered in the deter- 
mination of a solution were life support 
system impacts associated with 
greater operating pressures, Orbiler 
impacts related to decreased cabin 
pressure, materials compatibilities at 
higher oxygen pressures, effects of 
pressure variations on payloads, and 
crewman physiological constraints. 


The investigation of the relevant study 
issues defined an allowable pressure 
band for reduced cabin pressure and 
an increased EVA pressure band that 
together could eliminate prebreathing 
requirements. When Orbiler cabin 
pressures of 11.0 to 12.0 psia are 
properly balanced with EVA operating 
pressures of 4.8 to 5.8 psia, there will 
be no need for prebreathing prior to 
each EVA. However, it will be neces- 
sary for the crewman to equilibrate 
himself with the cabin atmosphere 
before the initial EVA. This can be ac- 
complished as a function of time or by 
a short one-time prebreathing with 
100 percent oxygen. However, the 
cabin oxygen partial pressure must al- 
ways remain above the 4000-foot 
alveolar equivalent to avoid the effects 
of hypoxia. 

A more detailed evaluation to deter- 
mine the specific Orbiter and EMU im- 
pacts associated with different operat- 
ing pressures is currently in progress 
so that the optimum Orbiter and EMU 
pressures can be selected. 


Figure 1— Zero probroaUie extravehicular mobility unit. 
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Piloting Aids for Space 
Transportation System Proximity 
Operations 

During Shuttle Orbiter proximity opera* 
tions such as slationkeeplng it is 
difficult for the pilot to visually deter- 
mine whether the apparent motion of a 
free-flying payload is "real" (requiring 
a translational correction on his part) 
or simply the result of the Orbiter's 
rotation. One solution is to set narrow 
deadbands for digital auto pilot at- 
titude control, but this consumes 
Reaction Control System propellant 
and magnifies the problem of un- 
wanted translational accelerations 
caused by uncoupled thrust from the 
attitude control jets. 


The pilot's task can be made easier by 
superimposing a computer-goneroled 
reference pattern on a television im- 
age of the payload. In its simplest 
form, the Television Image Compen- 
sation (TIC) System generates cross 
hairs whose position and orientation 
on the television screen are driven by 
guidance system — sensed attitude 
errors. To justify its development, it 
needs to be verified that TIC would 
significantly reduce pilot fatigue, pro- 
pellant consumption, and stationkeep- 
ing position errors. Obtaining such 
data requires many hours of real-time 
man-in-the-loop simulation. Because 
of Its low operating cost, the JSC 
Desk-Top Flight Simulator has been 
chosen as the tool for preliminary 
evaluation of TIC effectiveness. 


The Desk -Top Flight Simulator (DTPS) 
has been modified to incorporate a 
conceptual model of the TIC system. 
The fidelity of the DTPS models of the 
environment, payload and Orbiter 
dynamics, and the digital 
autopilot/Reaction Control System 
have also been upgraded so that the 
TIC effectiveness data will be repre- 
sentative of on-orbit operations. An ex- 
tensive series of real time simulations 
are scheduled during the next fiscal 
year. A spinoff of this initial effort is 
that the upgraded DTPS will be availa- 
ble for general use in the design and 
evaluation of Proximity Operations 
techniques. 


Figure 1,— Television Image compensation system. 
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Automated Rendezvous and 
Proximity Operations 

Future STS missions will require 
routine rendezvous with orbitai objects 
for the purpose of ser\'icing, docking, 
retrievai, or inspection. Many of these 
satellites requiring services will be in 
orbits not attainable by the Space 
Shuttle. Others will be obtainable only 
through use of expensive additional 
orbital maneuvering propellant kits. 

A potential solution to this problem 
would be through the use of a Shuttle' 
based free-flying satellite. The solu- 
tion approach includes the analyses of 
hardware, software, and operational 
requirements for "free-flyer", ren- 
dezvous, and proximity operations. 
The definition of generic automated 
rendezvous missions is necessary for 
considering scenarios, system con- 
cepts, and existing documentation. 


From a subset of these candidate mis- 
sions, detailed analyses will be per- 
formed to develop operational tech- 
niques and flight profiles to meet the 
known and assumed satellite require- 
ments. The results will be used to 
delineate specific requirements for 
hardware systems, software systems, 
profiles, and procedures. 


Results, to date, include the near com- 
pletion of the generic mission defini- 
tion phase, startup of the selection and 
evaluation of the candidate mission 
subset and a continuing effort to in- 
tegrate the NASA technical activities 
relating to automated rendezvous and 
proximity operations. 


Figure 1 .— Automated Rendezvous Command and Control System. 
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Spac* Operations Cantor 
S>atam ‘.nc * Study 

The first true Space Transportation 
System that intuxtuces reusability and 
iXJe»atKx^l fiexib'lity has been dem 
imstrated by the first successful flight 
of the Space Shuttle During the 
1900 s. subsequent Space Shuttle 
flights will be used lor routine on-orbit 
placement and retrieval of satellites 
Spacelab oKXluies and t>allets will ex- 
tend the capability to cividuct scien- 
tif;c and engineering iipe»at'ons The 
Shuttle will also be used lor satellite 
maintenance and repair and to 
lievekxi rrvthods of space construc- 
tion lor variixjs ix^'ational systems 
Many missicxi payk'iad concepts now 
being propi>sed are 'arge. complex 
solace systems that require on orbit 
capabilities for detiloyment, assembly, 
and construction which will severely 
lax the capability of the Space Shuttle 
The logical next step in nvinned spat'e 
flight IS tf>e creation of permanent 
manned operational presence in 
space to expand ixjr capabilities for 
s()ac'e ix^erations beyond that practi- 
cal with the Space Shuttle The Space 
lX>e»ations Center (SOC) has been 
pnxx«ed as the operational orbital 
facility to siitisfy these needs The 
StMice Shuttle will compliment SOC 
operations by prcividing SOC assem 
bly and buildup, logistic supply flights, 
crew rotation and rescue capability 


The initial phase of the SOC System 
Analysis Study performed by Boeing 
Aeft>space Company was completed 
in July 1901 The 1 2- month study two- 
vided concepts for gn>wth SOC con- 
figurations. including mission riKxlel. 
subsystem requirements, and associ- 
ated development costs and 
schedule SOC techrv»logy identifica- 
tion was provided that will tx* incor- 
txvated into -n overall techmilogy 
development plan A companion 
SOC/Shuttle interaction study by 
Rockwell International was corrx>leted 
in March 1901 It adtiressed the issues 
of Orbiter Doi'iking^Berthing with SOC. 
SOC assembly and builckxi. prcxjeilant 
transfer, and SOC flight support fac'ility 
requirements Both contracts have 
been extended for 5 nxmths for further 
refinement of SOC support of the 
Space T rans^xxtatlon System gixils 


Tfie contract extensxms will further 
analy.'e flight suix^^'f facility handling 
and servicing requiremeiits lor upper 
stages. SOC Shuttle Assembly Opera- 
tions. Shuttle Meet Utilization, 
methods for Shuttle propellant 
scavenging and transfer, mission re- 
quirements and ixjnfiguration u^xlates 
These analyses aie required to reduce 
'ost and Si'hedule uncertainties prior 
to initiating future devekxxrient ac- 
tivities 

Figure 1 shows a (xissible initial 
lour -man SOC configuration com- 
prisetl i>f a service rrxxlule. habitation 
nxxiule. and logistics nxxlule Figure 2 
stx>ws an eight -man configuratiim and 
fx>w missum ih^s are accommo- 
iliited by the acklition of a service 
nxxlule. habitation nxxlule. construc- 
tion su(xxxt equipment, and flight 
sujxxxt facility for Orbiter Transfer 
Vehicles 



Figure 1 — Four men SOC conliguration 


Figure 2 — Eight man SOC configuration 
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Vapor Compraatlon Dlatillatton 
Urine Water Recovery 

As nianned mission requiremenis in- 
crease (I e . laiger crew si/e. lor>gef 
onorbit stay time, higher power 
usiigeV the need for inflight water 
recovery will become acute This will 
be particularly true as solar power 
replaces fuel cells as the primary vehi- 
cle txwer source, as planned for the 
Space Oi)erations Center Water for 
drinking and evatxvative coc mg pre- 
viously pr^xkK''Kl by the fuel cells nxjst 
then tx? si4)plied either from stored 
water (resupplied by Shuttle) or from 
water recovered from crew urine, 
humidity conilenside. and wash waier 
Trade-otf studies indicate that water 
reci^rery can t>e justified for Space 
•’.huttle missions longer than 50 man- 
diiys and is the only practical option 
for mis.>-ic>ns aimed at providing a i>er- 
nvanent nvinned presence in space 
sui'h as the St\»ce Operations Center 


A phase -change process. Vapiv Com- 
pression Distillation has been demon- 
strated to be the most efficient and 
technically mature process tor 
recovering potable water from urine 
and flush wafer The basic Vapor Com- 
pression Distillation process involves 
the reiiuced pressure evatxvation of 
water from a feedsUvK of treated 
urine, followed by compression and 
condensation of the water vapor 
Evapxvation and condensation occur 
on opposite surfaces of a rotating 
cylinder, allowing the transfer of the 
latent heat of cixidensation Ixick to 
tne evatKirator. thus making the proc- 
ess highly energy efficient heat in- 
put IS required by the system other 
than that provided by friction and the 
fnechanical wcvk done by the com- 
pressor in franspixting the water vapor 
The cylinder is rotated to provide an 
artificial gravity field The prtvess has 
been automated and adapted for 
Sf^ace Operations Center ap; lication 
and has progressed thrcxigh several 
ilevelofimentai stages 


Two Vapor Compression Distillation 
subsystems of pretMototy|)e design are 
undergoing extensive test programs in 
the Advanced Life Sm>port Develop 
ment Laboratory at the Johnson Spac:e 
Center One subsystem has com- 
pleted 1800 hours of testing while 
processing over 3700 pounds of unne 
feedstock The test program has dem- 
onstrated a water recovery efficiency 
of 96 percent and a low specific 
energy of 55 watt -hours per fxxjnd of 
water retxivered As many as 1 9 con- 
secutive days of testing were ac- 
cumulated withexit a subsystem prob 
lem requiring shutdown This parficu 
lar subsystem currently is being 
modified for evaluation of design im- 
provements Identified during the 
development test program and will be 
used tc evaluate the integration of 
water and air -recovery systems The 
second subsystem has completed 1 45 
hours of a 1200 hour endurance test, 
which IS currently underway A water 
recovery efficierx'y of 96 percent is 
presently being obtained 

The preprototype test program has 
identified and incorporated many im- 
provements in design concepts and 
n^terials that will lead to increased 
component life and system reliability 
Testing in 1982 will continue with the 
evaluation of these design improve- 
ments and assessing the ability of the 
vapor compression distillation process 
to recover water from a wash water 
feedstock Analysis of recovered water 
has verified that only limited ^x)st 
treatment steps are needed to rneet 
potable water quality standiirds 
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Hyperfiltration Wash Water 
Recovery System 

Spacecraft that will provide for a per- 
manent manned presence in space, 
such as the Space Operation*' "'nnter, 
will probably include a sht ur and 
handwash for crew hygiene, and 
possibly laundry and dishwater 
facilities, For an 8-man system with 
these features, over 400 pounds of 
wash water would be required each 
day. On-orbit reclamation of wash 
water would be mandatory to minimize 
the makeup water supplied by the 
Space Shuttle. 


Hyperfiltratior* Is a pressure-driven 
osmotic separation process employing 
a semipermeable membrane which 
selectively permeates nearly-pure 
water while rejecting suspended and 
dissolved species at the membrane 
surface. A module containing a 
dynamically formed membrane repre- 
sents the heart of the hyperfiltration 
wash water subsystem. Dynamically 
formed membranes are characterized 
by high permeate fluxes and moderate 
solute rejection levels. The dual-layers 
of the membrane, polyacrylic acid over 
zirconium oxide, are deposited on 
porous stainless steel tubes. Wash 
water feedstock at pasteurization tem- 
perature (165” F) is batch processed 
using a single pass design, At a 
system pressure of 1 000 psia and feed 
velocity of 2 feet per second, the 
membrane module provides a water 
recovery rate of 90 percent. Permea- 
tion through the membrane Is inverse- 
ly proportional to the molecular size of 
the solute in the feed. Urea and am- 
monia are removed by adding sodium, 
hypochlorite to the permeate 
downstream of the module. The con- 
centrated brine from the module is 
further processed along with the urine 
in the vapor compression distillation 
subsystem. 


A preprototype Hyperfiltration sub- 
system capable of processing the 
wash water from a shower and laundry 
for a crew of six persons is currently 
undergoing extensive checkout and 
parametric testing. An improved hy- 
perfiltration module, which contains a 
single 200-foot long porous stainless 
steel tube will be evaluated with the 
subsystem. 


Figure 1 .— Hyperdltration Wash Water Recovery System. 
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Ultra-Microwav* Communlca- 
tiona Syatam 

The Space Transnortation System 
(Space Shuttle) has the capability to 
revolutioni/e space opefations In the 
very near future, payloads can be eco 
nomically and routinely earned to and 
from low Earth oribt Full exploitation of 
this capability will require a similar 
revolution in space communications 
Many space -to* space communica- 
tions links will be required, and 
several of the links will be needed to 
carry n^ssive data rates For example, 
the Space Operations Center (SOC) is 
protected to require wide band (high 
data rate) communications links to 
several Free Flyers in addition to 
medium bandwidth links to several 
Orbital Transfer Vehicles (OTV) Simi- 
lar com: rxjnicat ions requirements can 
be envisioned for large space con- 
struction expe'-ments and eventually 
in actual space construction and in- 
dustrially ition. 

The vast communication require 
ments rrxjst be accommodated while 
maintaining freedom from interference 
among themselves, with Earth com- 
munications. and with Earth satellite 
comrrxinications 

The frequency spectrum from KX) 
to 200 gigahertz holds enormous 
promise for fulfilling these require- 
ments The bandwidths (data rates) 
a'e conceptually almost unlimited, 
small antennas produce rtarrow beam 
radiation patterns which help in 
spacial isolation, many carrier fre- 
quencies can be assigned to - ^tain 
frequency isolation, frequencies can 
be selected for high atmospheric at- 
tenuation. thus, providing isolation 
from Earth-communication links and 
from Earth- satellite links. 
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This comrrxjnications problem was ao 
proached from the aspect of "systeir 
development" The aim was to oeter- 
mine if coniponent and device tech- 
nology was available to support the 
design and assembly of a communica 
tions system at these frequencies In 
the absc'kre of adequate compor^ent 
technology, particular areas of compo- 
nent development requirements would 
be pinpointed A systems-onented 
contractor was selected to perform the 
required research protect It was deter- 
mined that, while laboratory devices 
and subassemblies were available at 
several frequencies in this band, ade 
quate component technology was 
available only at the low end 
Therefore. 105 gigahertz was selected 
for the system design. The system was 
designed to transmit digital data with 
a r'legahertz bandwith. 


A wide band t05 gigahertz, com 
munications system was successfully 
designed and assembled Two 5 
megahertz television signals have 
been successfully transmitted in a 
laboratory bench test AdditKmai test- 
ing will be completed at JSC later this 
year While a lab model communica- 
tions system has been sucessfully as- 
sembled and IS operating quite well, it 
was determined that adequate com 
ponent and subassembly technology 
IS not now available in the 1(X) 
gigahertz and above frequency range 
Reliability is an unknown at these fre 
quencies because of the very limited 
number of devices that are being fabri- 
cated and tested It was also deter- 
mined, due primarily to small num 
bers. that repeatabilitv (in this case 
conformance to vencor specifications) 
IS very poor External isolators and 
tuners were required extensively to 
make the system work, and the prime 
oscillator stability is such that frequent 
adiustment of its frequency is re 
quired. 

The lack of subassembly mtegra 
tion at this time makes it impossible to 
take advantage of the potential small 
packaging which this frequency range 
should provide The basic devices and 
components are available to provide 
wideband communications at the 1 (X) 
gigahertz frequencies. However, ex- 
ploitation of this potential requires ad 
ditional development in the areas of 
device reliability, subassembly in- 
tegration. and subassembly perform- 
ance repeatability 


Figure 1 — Prolotype Iu6-gigahert2 receiver. 


Space Construction Experiment 
Definition Study 

Future space program plans include 
spacecraft with size and weight that 
exceeds the ^pace Shuttle single- 
launch capability. Implementation of 
any of these programs will require the 
capability to assemble or construct 
large systems in space. Although such 
construction would eventually be the 
function of a Space Operations Center, 
the initial space construction projects 
must be assembled from the Orbiter. 
Before the ability to construct or as- 
semble large space systems has been 
demonstrated, users will be reluctant 
to employ large space structures con- 
cepts. An appropriate construction ex- 
periment can provide significant data 
bearing on the cost and risks of space 
construction. Several complex and 
ambitious demonstration projects have 
been studied. Generally, these 
demonstration projects have not in- 
tegrated desired objectives into a sim- 
ple flight experiment of a practical size 
and cost, 


The problem has been approached irt 
a study to define an Orbiter-based 
flight experiment that will provide fun- 
damental data on construction in 
space and the potential to evolve into 
a series of experiments related to con- 
struction issues. The experiment ob- 
jectives address three principal 
issues! dynamic characteristics of a 
typical deployable structure, construc- 
tion operations, and struclure/contro! 
interaction. The experiment would be 
focused on a typical deployable struc- 
ture that represents the dynamics of a 
low-frequency structure in space. 
Construction operations would evalu- 
ate and demonstrate fundamental 
Shuttle capabilities Involving the 
Remote Manipulator System and the 
crew extravehicular activity (EVA), The 
ability of the Shuttle digital auto pilot 
to control a large low-frequency struc- 
ture attached to the Orbiter would be 
evaluated. 


The initial phase of the study has been 
completed with the preliminary design 
of a basic flight experiment. During 
this phase, there were trades and 
evaluation of experiment concepts 
and construction issues. Ten candi- 
date deployable structures were 
evaluated resulting in the selection of 
a diamond truss configuration. The 
selected truss material was a graphite 
fiber/epoxy matrix to reduce thermal 
interactions. The basic experiment 
concept is a beam deployment from a 
support structure in the cargo bay. The 
deployment is incremental to permit 
evaluation of the digital auto pilot per- 
formance in a safe manner. The 
Remote Manipulator System and EVA 
are used to aid in the deployment and 
to attach equipment modules. 

Computer simulation of the con- 
figuration uncovered an interaction 
with the digital auto pilot state estima- 
tor filler that will be examined in 
greater detail during phase 2 of the 
study, 


Figure 1.— 'Beam deployment from cargo bay support structure. 
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Manned Qaotynchronout MIt* 
•ton Raqulramantt and Syatama 
Analyaia Study 

The success of the first Obiter flight 
heralds the start of a new era in which 
manned missions to low Earth orbit 
will be commonplace The extension 
of regular manned operations to other 
high energy orbits, including geo- 
synchronous. IS a logical extension of 
this capability Activities potentially 
requiring manned participation in both 
low Earth orbit and geosynchrorxxjs 
Earth orbit cons.jt of construction, in- 
spection. servicing, repairing, and 
operation of large space systems such 
as comrrxjnications. solar power, and 
Earth obf ?rvation satellites To exploit 
the cappb-' *ies of the Space Transpor- 
tation ,o'.cm and to develop the full 
potential of space operations, it is es- 
sential that development planning of 
Orbital Transfer Vehicles be expanded 
to include manned capability 

The mam objective of this effort is 
to establish mission and systems op- 
portunities and capability options for 
various levels of manned activity re- 
quirements. and to synthesize crew 
module and/or other manned system 
support necessary for extension of 
manned mission capability to geo- 
synchronous orbit This study empha- 
sizes manned geosynchronous orbit 
sortie missions and associated crew 
system compcments 

In Phase 1 of the study, a broad range 
of generic missions was selected from 
which manned Orbital Transfer Vehi- 
cle (MOTV) requirements were 
derived These missions were divided 
into five categories as follows inspec- 
tion. sen/ice. and repair, operation of a 
large space system, debris removal; 
construction, and unmanned cargo 
transport The missions range from 
short duration, low weight to long 
duration missions with heavy mission- 
hardware weight to orbit The mam ob- 
jective was to develop a versatile 
MOTV coTKept that would encompass 
most of these generic missions with a 
minimum of nxxjifications The con- 
cept that was selected was an all-pro- 
pulsive MOTV using a 1 -1 /2-stage pro- 
pulsion system and a 25 0-cubic 
meter crew capsule 

In phase 2 of the study, a com- 
munications satellite servicing mission 
was selected as the design reference 


mission In this mission, tour com- 
munications satellites, all using the 
standard Multimission Modular 
Spacecraft (^^S) tor subsystem sup- 
port turxrtions. are routinely serviced 
by the MOTV The satellites are 
assumed to be located 90* apart in 
geosynchronous Earth orbit. 
Periodically, the MOTV visits each of 
these satellites and services the MMS 
subsystems 

The primary focus of phase 3 was 
centered on the selection of a pre- 
ferred MOTV configuration and mis- 
sion mode to perform the generic mis- 
sions Identified m the mam study 
Twenty generic missions were origi- 
nally defined for MOTV but. to simplify 
the selection process, five of these 
missions were selected as typical and 
used as additional Design Reference 
Missions Systems and subsystems re- 
quirements were reexamined and sen- 
sitivity analyses performed to deter- 
mine optirrxjm point designs Turn- 
around nxxles were considered to 
determine the most effective com- 
bination of ground-based and space 
based activities. With these inputs, a 
preferred concept for the crew capsule 
and for the mission mode was 
developed Figure 1 depicts the 
selected vehicle and shows the 1-1/2- 
stage propulsion system and the 
"functional minimum" crew capsule. 

Figure 1 — Mannea Orbital Tranater Vetiicle 
with 1-1/2 atage propulaior> ayatem ar>d 
"lurKtioiwl minimum ' craw capaule 


Significant results relateo to the crew 
cabin design are as follows 

1 Two- man crews and a mission 
of up to 30 days duration will ac- 
complish 05 percent of the Obiter 
Transfer Vehicle missions 

2 A two-man geosynchronous 
Earth orbit sortie mission will require a 
total weight of approximately 5000 
kilograms, including 500 kilograms of 
up and back dedicated cargo 

3. A capsule length of 3 5 meters 
and a diameter of 3 meters allows mis- 
sion equipment to be nxxjnted exter- 
nally and IS compatible with the Space 
Transportation System cargo bay 

4 Radiation protection require- 
ments indicate that the capsule wall 
should be approximately 1 1 -cen- 
timeters of aluminum equivalent thick- 
ness. 

5. Protection aginst iolar proton 
storms will require returr to an orbit of 
3- Earth radii or less for events of suffi- 
cient magnitude 

6 A Single-deck crew module is 
preferred over a two-deck crew 
modulo for crew habitability 

7 Accommodations for a two- 
crewmember. 30-day mission can be 
adequately provided by a crew cap- 
sule that has a free volume of 3 cubic 
meters for each crewmember 

6 Internal operation is preferred for 
routine sen/ice and repair tasks with 
extravehicular activity capability tor 
emergency and contingency opera- 
tions 
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A Geodetic Beam for 
Space Fabrication 

Large stationary structures in space 
will require very low density structural 
members because loadings are ex- 
pected to be relatively low However, 
attitude and configuration control re- 
quirements are expected to demand 
that the structures be highly rigid and 
inert to thermal distortion Studies 
have shown that it is rrxjre cost effec- 
tive to fabricate large numbers of very 
low density structural members in orbit 
rather than transporting Earth-fabri- 
cated members from Earth For this to 
be feasible, it is necessary that the 
structure be simple, efficient, and re- 
quire very little time and energy to 
fabricate 


JSC has adopted a geodetic approach 
to automated beam fabrication Coils 
of composite wires are loaded into a 
beam-fabrication machine that 
deploys the wires in longitudinal and 
opposing helical patterns and joins the 
wires together at their cross-over node 
points to form a cylindrical beam hav- 
ing a triangular gridwork surface The 
machine should require a relatively 
small amount of power, mostly con- 
sumed by the node joint encapsulation 
system The wire material is a com- 
posite consisting of materials having 
positive and negative coefficients of 
thermal expansion proportionally mix- 
ed so that the wire has a zero coeffi- 
cient of thermal expansion 


The beam fabrication machine con- 
cept and geodetic beam structural 
feasibility were developed in FY-1970. 
In FY-1980. engineering design and 
analyses, material properties, and 
parametrical test data were developed 
as well as a beam-end-closure dem- 
onstration article A complete beam 
having a length-to-diameter ratio of 10 
will be fabricated using a graph- 
ite/plastic composite wire (fig 1) A 
derrxDnstration beam segment made 
with a graphite/metal composite wire 
will be fabricated Figure 2 shows the 
geodetic beam end closure and 
cylinder test structure successfully 
compression-tested to P - 2000 
pounds 


Figure 1 — Geodetic verification test beam 
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Tht‘ .Kiivitu‘s at Johnson Space 
Center (JSC) (iinifc'il liy the Office of 
AtMiviiiutn'S and S(NK e Tei'hrvilogv 
(OAST) invL'Ive .leriwiautical, stvu'e. 
.tnil eiH»igv n‘st*aich and (whnok^y 
development These research and 
leL-hrxilogy are.is erii\vin>ass liiture 
ileveliiiiriH'nts of all NASA program of- 
fices .IS well as other Ck>vernment 
•igtMKies The use of the Space Shut- 
tl»« Obiter .IS .in extiennH'nt.il vehicle, 
tfie electrolysis celMiR«l cell ivbital 
energy sUv.ige systems, the .idvani'ed 
imbixird ()rof,Hjlsion technology and 
tfie large stuii e systems lechrHilogy 
.ire .iriMs i>f CLmtinumg JSC interest 
and .ictivity 

The major .ictivities in space 
rese.irch .irnl leL'hnokigy .it JSC during 
fiscal year 1‘T81 weie (1) supfxvt to 
the Obiter F xpeiioHMits Program for 
which JSC conliniR's to piovKl«> overall 
intt*gration nvin.igement .ind pri'gr.im 
planning, Itvhnical i1eveliH’'^H?nt lor 
specific experiments (including 
development of supporting equip- 
ment). arni integration of ex(ieriments 
into the Obiter, (?) Iaigt> c.ipacity or- 
bital energy storagt' systems research 
and tiH'hnciliigy. which include fuel 
cell dt^vekHiment, ik'vek'pment of ad- 
vanced therm.ll m.in.igment systems 
tor sp.ice use. l.ibL^ratory nxxleling of 
stiace plasnvi enviriinmenlal interac- 
tions of l.uvje higti volf.agt' solar arrciys 
in the large vacuum chamber, and 
devekxiriH’nt of a kirgi' .irea. low cost 
solar cell .iriay ftx use with the Shuttle 
Orbiter Power Fxtension Pa('k.ige and 
other spacecraft using solar arrays. (3) 
advanced ontxiard prcif^iulsion tech- 
nology. (4) multifunction synthetic 
aperture radar. (5) large space 
systems technology to lower cost of 
space assembly fabricatiim. deploy- 
ment. or servicing of largt' space 
systems, (6) corx:ept definition of a 
Shuttle Launched Research Vehicle 
(SLRV) to su^iport the OAST research 
prcgrams in advanced space transpor- 
tation systems and planetary research 


technology, and { 7 ) research in 
nviteiials that includes the design and 
fabricatuxi of a carbixi cartxin stand 
Oil txinel to lepl.H-^e the Obiter reus«i- 
ble surface insulation betwt'i»n th»> 
rxxse cap and rxise landing gt>ai lIlxm, 
research on the setxiration of mineral 
concentrates frixn lunar nuilerials. anil 
continuing research on fire resistant 
materials with k>w toxic emissiixis fix 
aircr.ift s(i.icecraft use 


Experimental Programs 

The Obitei Ex^ieiiments Program uses 
the S^)ace Shuttle Obiter as a flight 
research vehicle to obtain inflight data 
over a bnxid flight spectrum fix a 
variety of tei^hnology disciplines (fig 
1) As the lead center fix the over-all 
pro|ei*t. JSC IS responsible for project 
management and integration of 
various Obiter ex(>eriments These ex- 


^lerirnents are ilesigntnl to augment 
the research and techrxilogy ilata 
Ixise for ilesign verification of current 
and future vehicles by collecting Shut- 
tle flight ilata in related teihnology 
disciplines and to verify, correlate, and 
extrapolate a ita ilerived from grtxjnd- 
based fac'ilities with the flight ilata 
The Aerodynamic Coefficient Iden- 
tificatiixi Package (ACIP) exjieiiment 
was successfully flown ixi STS-1 

Integrated Orbital Energy 
System 

Advances in critical space (xiwer 
research and technokigy at JSC in fis- 
cal year 1981 irx:ludt> (1) low-cost, 
large area solar cells in suptxxt of the 
Obiter Power Extension Package. (2) 
high capacity energy stixage based 
on the Solid Polymer Electrolyte 
membrane fuel cell. (3) thernxil man- 
agement of orxxbit energy systems. 


Figure 1 — Shuttle mission experiment opportunities 
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and (4) rrHxjelmg oi space plasma en- 
vironmental interaction of large, high- 
voltage solar arrays 

The development of the large area 
solar cell is lointly sponsored by the 
Office of Aeronautics and Space Tech- 
nology (OAST) — through a 
subauthorization from Lewis Research 
Center — and the Office of Space 
Transportation Systems (OSTS) An 
article covering the solar cell is in- 
cluded in the OSTS section of this re- 
port 

The fuel cell has been the primary 
electrical power source for all United 
States manned space programs (ex- 
cept Mercury) because of superior 
flexibility, weight and cost factors As 
manned orbital activity increases with 
the advent of the Shuttle, extended 
Shuttle missions using The Power Ex- 
tension Package (PEP) and space 
work stations such as the proposed 
Space Operations Center, the fuel cell 
and Its counterpart, the electrolysis 
cell (for a regenerative system), will 
become increasingly important 

The regenerative fuel cell integr- 
ated energy system involves develop- 
ment of technology with many ap- 
plications With Shuttle-launched 
water as the resupply commodity for 
irrecoverable losses, it is a prime can- 
didate for any extended duration 
manned or unmanned orbiting 
spacecraft Shuttle supplied water can 
also be used in this system for orbital 
manufacture of propellants for orbital 
transfer vehicles It is ideally suited for 
space platforms in which experiments 
could draw power and/or hydrogen 
and oxygen for propellants, for 
feedstock for space manufacturing 
processes, or for life support use as re- 
quired 

The expendables for a non- 
regenerative system required for 
electrical power, propulsion, life sup- 
port. and thermal control for long-dura- 
tion manned space missions would 
become a substantial portion of the lift 
capability of launch vehicles, thereby 
greatly increasing costs In contrast 
the integration of the various functions 
of an orbital facility (electrical power, 
thermal control, life support, and at- 
titude control propulsion) based upon 
the regenerative fuel cell concept with 
hydrogen, oxygen and water as the 
working fluids, reduces operations 
costs by continuous recycling of the 
working fluids For the orbital 


manufacture of propellants from wafer, 
the Simplicity and safety of transport- 
ing and storing water will also reduce 
operations costs 

The 1 1 -cell, fuel cell module (fig 
2) scheduled for use in the breadboard 
system to be delivered in 1982 is now 
undergoing a series of operational and 
performance tests prior to being in- 
tegrated into the breadboard system 

The responsibility for this tech- 
nology development is shared by JSC 
and the Lewis Research Center 
(LeRC). JSC has the acidic technology 
with the solid polymer electrolyte 
membrane ar.(‘ LeRC has the alkaline 
technology that is derived from the 
Shuttle capillary matrix fuel cell pre- 
viously developed by JSC 

Research and technology in in- 
tegrating thermal management con- 
cepts for onorbit power systems was 
originally initiated by the Office of 
Space Transportation Systems Joint 
funding was subsequently provided by 
the Office of Space Transportation 
Systems and Office of Aeronautics 
and Space Technolog'. The Office of 
Aeronautics and Space Technology 
sponsored the effort in fiscal year 
1981 A preliminary study indicated 
that the key to an onorbit thermal man- 
agement concept IS the creation of a 
centralized thermal utility system 
analogous to municipal public utilities, 
where basic "trunk" lines (buses) are 
provided and into which individual 
customers can be integrated With 
such a centralized system, reduced 
operational and payload integration 
costs as well as reduced cost for all 


Figure 2 — The 1 1 -cell fuel cell stack 



payload users would be possible by 
permitting comnxyi thermal interface 
designs 

The large vacuum chamber at JSC 
was used as a Space Plasma 
Laboratory (SPL) to obtain data con- 
cerning "leakage" currents through 
the plasma surrounding large 
spacecraft surfaces at high voltage in 
low-Earth-orbit plasma environment A 
computational model was developed 
to generate the trajectories of currents 
from sharp outer edge to collecting 
panel It provides a detailed account- 
ing for the remarkable current-focu*!- 
ing patterns first observed by the low 
light television system developed for 
the SPL on the surfaces of the 1- by 
10-meter high voltage panel These 
effects for full-scale space systems 
must be understood to define the 
design criteria needed to build and 
operate large high-voltage power 
systems for space 

An important result was obtained 
from the measurements of current 
emission during the High Voltage 
Plasma Interactions experiment con- 
ducted in the Space Plasma Laborato- 
ry The hollow cathode device 
employed to complete the electric cir- 
cuit between the current emitted by 
high voltage panels and the ambient 
plasma proved to be a more efficient 
motor/generator "brush" than previous 
concepts. This increased efficiency 
has revived interest in orbital motion 
power supply concepts '.'Sing the 
geomagnetic field-induced voltage 
and a very long conductor Further 
analysis of this concept for use in at- 
titude control and station-keeping for 
large structures as well as for added 
onorbit electrical power is waranted 
Space experiments to validate this 
concept may also be justified 

Advanced Onboard Propulsion 
Technology 

The advanced onboard propulsion 
technology project will develop tech- 
nology for a reusable spacecraft pro- 
pulsion system using nontoxic and 
noncorrosive propellants The fiscal 
year 1981 effort at JSC has indic 'ed 
that a pump-fed liquid oxygen/ 
hydrocarbon system with integrated 
Orbital Maneuvering System (OMS) 
and Reaction Control System (RCS) 
tankage provides the most efficient 
system for propellant packaging, ther- 
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mal conlrol, and propnllant feed. The 
inlegrated QMS and RQS ciwopt pro- 
vides the potential to increase system 
perlormanco (delta velocity 
capability) within ttie current pod 
volume constraints or to increase the 
Stiuttle payload by several thousand 
pounds. 


Multifunction Synthetic Aperture 
Radar Technology 

The Multifunction Synthetic Aperture 
Radar Technology project is designed 
to develop a low-cost automated 
capability to perform active (radar) 
sensing in multifrequencies and 
multipolarizations for multi-incidence 
angles. Such a system would enable 
multimission execution at a substantial 
cost savings. The technology areas to 
be addressed include antenna 
development, calibration, high power 
transmitter, broad band receiver, and 
control logic for multimission use. 

Joint efforts with the United States 
Air Force and Defense Advanced 
Research Procurement Agency will be 
initiated through Memoranda of Un- 
derstanding to realize significant cost 
and time savings in fabricating 
multimission synthetic aperture radars. 


Large Space Systems 
Technology 

A large space system technology pro- 
gram has been initiated to develop 
techniques for space construction. To 
capitalize on the Shuttle's capability to 
provide space construction and 
satellite services, a Holding and Posi- 
tioning Aid (HPA) is required. The HPA 
is used to hold a satellite or structure in 
a safe, stable position close to the Or- 
biter for construction or servicing ac- 
tivities, working in concert with the 
Remote Manipulator System and 
crewmen. During fiscal year 1981 , two 
types of HPA's were conceptualized. 
The articulated arm-type of HPA was 
selected after a comparative evalua- 
tion following detailed design of the 
development lest article. 


Shuttle Launched Research 
Vehicle 

The Shuttle Ofbiler will provide a 
recurring capability to carry advanced, 
unmanned aerospace vehicles into 
Earth orbit. Research and technology 


demonstrations in many related dis- 
ciplines will be performed while these 
Shuttle Launched Research Vehicles 
maneuver, enter, and fly in the upper 
atmosphere before initialing a land- 
based recovery (see fig. 3). 
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Significant Tasks 


35 Orbiter Experiments Project Support and Integration 

Funded by: Space Research and Technology Base (UPN-506) 
Technical Monitor: D. G. Wiseman/ED 
Task Performed by; Rockwell International 
Contract NAS 9-14000 
Lockheed Engineering and Management 
Services Company, inc. 

Contract NAS 9-15800 

36 Aerodynamic Coefficient Identification Package 

Funded by; Space Research and Technology Base (UPN-506) 
Technical Monitor: D. G. Wiseman/ED 
Task Performed by: Bendix Aerospace Systems 
Contract NAS 9-15588 

37 Electrochemical Orbital Energy Storage Program 

Funded by: Space Research and Technology Base (UPN-506) 
Technical Monitor: H. McBryar/EP5 
Task Performed by; General Electric Company 
Contract NAS 9-15831 

38 Holding and Positioning Aid 

Funded by: Spacecraft Systems Technology (UPN-542) 

Technical Monitor: W. S. Beckham, Jr./EB 
Task Performed by; Grumman Aerospace Engineering Corporation 
Contract NAS 9-16276 

39 Thermal Management for Onorbit Energy Systems 

Funded by: Space Research and Technology Base (UPN-506) 
Technical Monitor: J. G, Rankin/EC2 
Task Performed by: Grumman Aerospace Corporation 
Contract NAS 9-15965 
Vought Corporation 

Contracts NAS 9-14907 and NAS 9-16321 

40 High Voltage Plasma Interactions 

Funded by: Space Research and Technology Base (UPN-506) 
Technical Monitor: J. E. McCoy/SN3 
Task Performed by: Lee Parker, Inc, 

Contract NAS 9-15934 
Multiple additional contractors 

41 Advanced Manned Vehicle Onboard Propulsion Technology 

Funded by: Space Research and Technology Base (UPN-506) 

Technical Monitor: R. W. Polifka/EP2 

Task Performed by: Aerojet Liquid Rocket Company 

Contracts NAS 9-15958 and NAS 9-16282 
McDonnell Douglas Corporation 
Contract NAS 9-16305 
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42 Multifunction Synthetic Aperture Radar Technology 

Funded by: Space Research and Technology Base (UPN-506) 
Technical Monitor: K. Krishen/ED3 
Task Performed by: Jet Propulsion Laboratory 
Contract NAS 7-1 00 
Multiple additional contractors 

43 Advanced Carbon-Carbon Stand-Off Panel 

Funded by: Space Research and Technology Base (UPN-506) 
Technical Monitor: D. M. Curry/ES32 
Task Performed by: Vought Corporation 

Contract NAS 9-16330 

44 Nonterrestrial Materials for Spacp Mse 

Funded by: Space Research and Technology Base (UPN-506) 
Technical Monitor: R. J. Williams/SN7 
Task Performed by; Lockheed Engineering and Management 
Services Company 
Contract NAS 9-1 5800 

45 Shuttle-Launched Research Vehicle 

Funded by: Space Research and Technology Base (UPN-506) 
Technical Monitor: J. T. Visentine/ED3 
Task Performed by: General Electric Company 
Reentry Systems Division 
Contract NAS 9-1 5977 

46 Fire-Resistant Low-Smoke-Generating Thermally Stable 
End Items for Aircraft and Spacecraft 

Funded by: Aeronautics Research and Technology Base (UPN-505) 
Technical Monitor: D. E. Supkis/ES5 
Task Performed by: Multiple Contractors 

47 Toxicity Testing and Evaluation of Candidate 
Aircraft Materials 

Funded by: Aeronautics Research and Technology Base (UPN-505) 
Technical Monitor: H. Schneider/SD4 
Task Performed by: Southwest Foundation for Research 
and Education 
Contract NAS 9-14743 
Northrop Services, Inc. 

Contract NAS 9-1 5425 

48 Space Operations Center Technology Assessment 

Funded by; Space Research and Technology Base (UPN-506) 
Technical Monitor* R. C, Kennedy/EA13 
Task Performed by: Boeing Aerospace Company 
Contract NAS 9-16151 
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Orbiter Eiiperim«nU Project 
Support and Integration 

As ii pK)net?f (laucvh to landing) space 
vehicle, the Spai e Shuttle Obiter has 
the potential ol providing cost effec- 
tive rese.jrch and tei:hfxilogy data 
needed for the devekx>f^nt of a 
biiiad stHH-trum of future aerospace 
vehicle designs or enhancements 
Altfxxigh the Obiter includes instru- 
mentation necessary to perform 
design verification and to monitor 
select operations functions, the 
btjseline Obiter flight test and opera- 
tiivis program does not include plans 
to collect specific research and tech 
noiogy diita relevant to the design of 
future vehicles 

To capitalize on the opp«.xtunity to use 
the Space Shuttle as a means of ac- 
quiring flight ilJta for a wiile variety of 
technology disciplines related to vehi- 
cle tlesign. the Office of Aenxiautics 
and Space Technology has estab- 
lished the Orbiter Exix>riments Pro- 
gram which uses the Obiter as a flight 
research vehicle (hg 1) JSC con- 
tinues to suppcirt the Obiter Experi- 
ments Pritgram by providing (1 ) overall 
integration management ana program 
planning. (2) technical development 
for si>ei.:ific ext^eriments. and (3) in- 
tegration of extreriments into the O- 
biter The C'b'ter experiments are 
designed ( 1) to augment the research 
and technology Ixise tor verification or 
enhancement of the operational effi- 
ciency of current and future aerospace 
vehicle design by collecting Obiter 
flight data in all related technology 
disciplines, and (2) to correlate 
ground biised d<rta with flight data by 
developing piivedures to accurately 
extrapolate ground-based facility 
results to flight conditions 

All experiments in the Phase I reper- 
toire of Obiter experiments are in 
various stages of final development, 
delivery, and installation Five Obiter 
Experiments have been installed, 
checkout completed, and will fly on 
STS 2 These include the Aero- 
dynamic Coefficient Identification 
Package (ACIP) reported separately in 
the document. Tile Gap Heating 
Effects iTGH). Catalytic Surface 
Effects (CSE). Dynamic. Acoustic, and 
Thermal Environment (DATE), and In- 


frared Imagery of Shuttle (IRIS) See 
figure 1 

Two thermal protection system ex- 
periments. Tile (jap Heating Effects 
and Catalytic Surface Effects, are in- 
stalled on the Obiter for flight on 
STS-2 The results of these experi- 
ments will enable improvements in 
reusable element thermal protection 
systems (1) by optimizing the design 
in tile gap and edge radii thus reduc- 
ing turbulent airflow and (2) by im- 
proving convective heating rates by in- 
creasing surface catalytic efficiency 
Hardware for these experiments is 
scheduled to be flown on six flights 

The Dynamic. Acoustic, and Ther- 
mal Environment (DATE) ex^renmerrt 
IS installed in the Obiter for STS-2 
This experiment makes measure- 
ments within the payload and on the 
Orbital Flight Test payloads to collect 
information on the payload bay en- 
vironment This will be used by 
payload planners to accurately predict 
the payload environment to facilitate 
payload development 

The final Obiter experiment plan- 
ned for STS-2 IS the Infrared Imagery 


Figure 1 — Ort>iter EKpenments Program 


of Shuttle (IRIS) experiment This ex- 
periment IS fX3t an integral part of the 
Obiter vehicle but involves an under - 
flight of tfie Obiter by an instrumented 
C-141 aircraft during the descent 
phase of the flight The obiective is to 
obtain infrared imagery of the lower 
(windward) and side surfaces of the 
Orbiter Thus, aerothermodynamic 
data IS provided that cannot be dupli 
cated at grcxind based facilities 
Three additional phase I Obiter ex- 
periments include the Shuttle Infrared 
Leei'ide Temperature Sensing 
(SILTS). Shuttle Upper Atmosphere 
Mass Spectrometer (SUMS), and the 
Shuttle Entry Air Data System 
(SEADS) These experiments have 
been approved tor flight and will be 
delivered to the Kennedy Space 
Center for final checkout and installa- 
tion 

Phase II of the Obiter experiment pro 
gram includes nineteen new expen- 
nients from the following disciplines 
aerodynamics/ aeiolhermodynamics. 
materials and structures, and 
electronics and human factors 
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Aorodynamic Coefficient 
Identification Package 

The? Of biter Program presents an 
unpiecodenled and continuing oppor- 
tunity to obtain iullscale flight environ • 
merit data for winged reentry vetiiqles 
(as differentiated from ballistic-type 
vehicles) ttiioughout the aerodynamic 
regime. The quality of data produced 
by the Aerodynamic Coefficient Iden- 
tification Package (ACIP) will provide 
valuable information concerning rela- 
tive uncertainties associated with the 
extrapolation of wind tunnel tests to 
full scale lliglit tests. Ttie objectives of 
ttie ACIP are to colloct aerodynamic 
data in ino hypersonic, supersonic, 
and transonic flight regimes, regions 
in which there has been little oppor- 
(unily to gether data: to oslablish an 
extensive aerodynamic data base for 
verihcation and correlation of ground- 
based test data: and to provide flight 
dynamics data to support ottier tech- 
nology experiments. 

The ACIP experiment will benefit 
the Space Shuttle Program because 
the precise data obtained through the 
ACIP will enable earlier attainmenl of 
the full operational capability of (he 
Ofbiter and contribc'e to the design 
and development of luture spacecraft 
and aircrafl 


Ttie experiment consists of an instru- 
ment package and baseline Orbiler 
data that wilt provide Might dynamics 
data for the determination of aero- 
dynamic coefficients (rom Orbiter 
flight data. The expeiiment ulili?es Or- 
biter provided power, lime correlation, 
environmental support, and is 
mounted on the wing box carry* 
through structure on the center line of 
Ihe Ofbiter. See figure 1 . Data are 
recorded on the Orbiter Experiments 
(OGX) supplied recorder. 

The ACIP hardware, designed, 
fabricated, and qualified at JSC, incor- 
porates Itiroe triads of angular ac* 
eeleroniGters and rate gyros. The gyro 
power conditioners, power oonliol 
system, and housekeeping compo- 
nentii are all self-contained in the 
ACIP. 

The ACIP operates through the 
launch and ascent phases of the flight 
and subsequently through entry inter- 
face, descent, and landing, The inter- 
nal instruments continuously sense 
the dynamic X, Y, and Z attitudes and 
perfoimance characteristics of ttie Or- 
biter Ihiough these critical flight 
phases. The ACIP also receives the in- 
dications of position of the control sur- 
faces and converts these indications 
into higher orders of precision before 
recording lliem with the altitude data. 


The ACIP is installed on the Orbiter 
"Colunibia" and flew on STS-1. The 
data gained were of the highest 
quality and met all expectations of the 
experiment designers and tech- 
nologist. The acceleration and rate 
data depicted in detail the major 
events of launcii, reentry, and fanding. 
Ulili 2 ation of this information with that 
gathered from subsequent flights will 
further enhance the aerodynamic data 
ba.«5e of reentry technology. 

Planned modification to the .^CIP 
includes adding a High Resolution Ac- 
celerometer Package (HiRAP) to the 
existing ACIP. This supplement will 
provide accurate determination of 
aerodynamic coefficients at near or- 
bital altitudes (up to 700 000 ft) 
fieretofore uriobtainable. Future plans 
also iriclude the installation of the 
ACIP/HiRAP package on the next Or- 
biter vehicle (OV-099). 


Figure I Location of Iho ACIP 
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Electrochemical Orbital Energy 
Storage Program 

TIh» I'l w.ilPf into hydfOQton 

.mil oxygen by the (lass^ige ol an 
eleiMiir rijm*nt thrixjgh an aqueixjs 
m**(1njm IS esMVitially the leveise 
fe.u lion ol a liM’l I ell The luel cell hiis 
iH'on the pnnviiy eleclncal piiwer 
MHirce fill .ill U S manned spiice pio- 
gi.ims (except Mt?fcufy) lieirause d 
siilieni'w Ilexibilily weight, .md cost 
l.ictois .mil I'ontiniies to be the most 
viatile canilKl.ite foi 1 to 2 week mis 
sions til tie conilix'lefl using the Shut- 
tle As manned orbital activity in 
I le.ises six'h as with extended Shut- 
tle missiims and woik stations (Space 
Otierations Center), the luel cell and 
Its counteip.irt electrolysis cells (tor a 
regenerative system) wi'l become in- 
rre.isingly imtiortant 

In >1 regener.itive luel cell system con- 
liguration the role of luel cells — in 
.idditiim to Its twinuiry function of pro- 
viding elei'trical (xiwer to the vehicle 
and to the ex(ieriments on the oark 
ruk- ol the ixtiil — is to provide pota- 
tile water l.ir *he crew and tor certain 
thernvtl control requirements The role 
of c.ecfrolysis cells is to recycle fuel- 
cell prixliared water metabolic water, 
.ind ru.ikeu(i water by using solar- 
.trray (uodui'ed t>owei on the light side 
of the .'itiit Thus, energy storage is 
pr.'Vided fitr inil«‘finite orbital stay 
tinnts 

Hecycimg ol water in a regenerative 
system is an increasingly important 
consiiler.it ion in space missions In 
.iddition to regenerating the hydrogen 
and iixygen required for the fuel cell, 
.mticipiited protiulsion system pro- 
tmliants are almost exclusively hy- 
drogen ,ind oxygen, and space 
manufacturing may use large qum- 
tilies of hydriigen and oxvgen for 
various (irocesses Thus, metabolic 
w.iste water th.it rrwiy be undesirable 
fiv recycling for mel.ibolic use may be 
diverted to propulsion and/or to 
manufacturing lequirements yielding 
■uultipir uses from a single com- 
fTxxlity 

The expendables for a non- 
regenerative system required for 
electrical powr?r, propulsion, and life 
sutHxxt and thernial control for long 
duration manned space missions 
wixjid become a substantial portion of 
the iifr catiability of launch vehicles 


ttH'reby gr»*.illy incie.isino costs In 
cixiti.ist the int«*gratK)n < i the varuxiS 
functions of an orliitai .acility (electri- 
cal (X)wer. therm.il control, life si 4 i- 
(xirt. .md attiiiKlr* Control pro^njlsion) 
txised u(x>n the regi»rierative fuel cell 
coTK-ept witfi hyilfogen. oxygen, and 
w.iler as the working Muids should 
rninimi/i? i>(X’i.itions costs by con- 
ImurxiS recycling of the wixking fluids 
f (X ffi»‘ ixtiital rnanufacture of pro- 
tH*ll.mts frixh water, the simplicity and 
vifety of ti.mstxxtiog and storing water 
wilt also ec(xximi/e oi>eratiims costs 
A tieio test of .m engineering nxxlel 
trrst .irticle is pl.inned tor 1906 The 
techrmlogy shixjld be available for or- 
bital use in the late 1980’s or early 
1990 s 

The responsibility for this tech- 
nokigy development is shared by JSC 
and the Lewis Research Center 
(LeRC) JSC has the acidic technology 
with the solid polymer electrolyte 
membrane and LeRC has the alkaline 
technology that is derived from the 
Shuttle capillary riiatrix fuel cell pre- 
viously developed by JSC 

In M.iy 1979. a potential multiyear 
tecfinology program was initiated by 
NASA to bring to maturity the solid 
tx)lymer electrolyte electrochemical 
cell lechnoli^y as a candidate for low- 
earth orbit energy storage applica- 
tions Objectives of this program are to 
(1) advance the technology of dr?di- 
cated electrolysis fuel cells and rever- 
sible cells for basic improvements of 
efficiency and life. i2) deliver 
development model rtxxlules for in- 
terim breadboard testing of cyclic 
electrolysis and fuel cell operation, 
and (3) deliver engineering model 
modules, based upon breadboard 
evaluation and technology develop- 
ment. for a tec* .nolcigy readiness dem- 
onstration test IS 1986 

A statt of-the-art technology 
assessment and system optimisation 
study was completed, including iden- 
tification of goals for advancements in 
fuel cell and electrolysis cell tech- 
nologies Laboratory cells have been 
tested under typical operating condi- 
tions to derrxxistrate the feasibility of 
designing the system using either a 
single electrochemical nxxlule operat- 
ing reversibly to provide both fuel cell 
and electrolysis functions, or to use 
separate (dedicated) fuel cell and 
electrolysis rnodules. each optimised 


for Its own function However, the 
system study showed that the dedi- 
cated rrxxjules resulted in a lower 
overall system weight, higher efficien- 
cy. and greater opc'ational flexibility 
Therefore, subsequent efforts have 
been directed toward that type of 
system 

A 6-cell stack of full sise (32- 
square-inch active area) electrolysis 
cells (see fig 1 ) has been tested in a 
microprocessor controlled subsystem 
installation for approximately 15(X) 
hours (1630 simulated orbital cycles) 
during the past year A 3-cell (150- 
square- me. i active area cells) fuel cell 
subsystem will soon be added to com- 
plete an integrated test system used 
to evaluate overall system operation 
and performance and becomes a test 
bed for evaluating components and 
controls for the breadboard system 
scheduled for delivery to NASA m 
1982 

The 11 -cell fuel cell module 
scheduled for use m the breadboard 
system is being tested in a separate 
facility A series of operational and 
performance tests will be (jerformed 
before it is integrated into the bread 
board system 

In a parallel effort, advanced tech- 
nology development is underway to 
achieve the weight and perforniance 
improvement goals Laboratory cells 
incorporating a unique oxygen 
electrode support configuration are 
performing near the desired level 


Figure 1 — Six-cell clectrolyeia slack. 
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Holding and Positioning 
Aid (HPA) 

In addition to its basic role as a space 
transportation system, the Space 
Shuttle wilt f^'^ovide the capability for 
space construction and satellite ser- 
vices that were not previously availa- 
ble. One basic requirement to use this 
capability is a system catted the Hold- 
ing and Positioning Aid ?.HPA) that can 
be used to hold a satellite or structure 
in a safe and stable position near the 
Orbiter for construction or servicing. 
The HPA wilt be used in conjunction 
with the Remote Manipulator System 
(RMS) and EVA crewmen and needs 
to be capable of indexing the con- 
struction or servicing needs within the 
reach envelope of the RMS. The 
system should provide sufficient stiff- 
ness and strength to hold large 
masses near the Orbiter under various 
induced load conditions. 


To define Hie design envelope, a 
senes of potential missions was 
postulated. These missions included 
large space structures fabrication, 
berthing of Orbiter to satellites of vary- 
ing masses, and servicing of existing 
and proposed satellites. The mission 
requirements established the design 
requirements for the system. Concep- 
tual designs for flight systems were 
developed and analysed. The 
selected flight system concept was 
used as the basis for detailed design 
of a Development Test Article (DTA) 
(fig. 1), The DTA will be fabricated in 
the next year and be installed In the 
Manipulator Development Facility 
(MDF) at JSC for evaluation and test- 
ing. 


During fiscal year I98t. the require- 
ments analysis was completed. Two 
types of the HPA were conceptualized 
that met all mission requirements: a till 
table and an articulated arm. Both use 
a lightweight cradle mounted in the 
payload bay using a single keel-fitting 
and four longeron attach fittings. In the 
tilt-table version, a cross beam is in- 
stalled with a choice of several dock- 
ing interfaces mounted on the cross 
beam. This system was estimated to 
weigh 1080 pounds. In the articulated 
arm version, 5-degrees of freedom are 
provided: 2 at the shoulder, 2 at the 
wrist, and one at the elbow. Inner and 
outer arms are of equal length (1 1 0 in- 
ches). The articulated aim is mounted 
on the same cradle used for the tilt ta- 
ble and IS estimated to weigh 1760 
pounds in the flight version. 

The articulated arm-type of HPA 
was selected after a detailed com- 
parative evaluation, and the detailed 
design of the development test article 
(DTA) was completed. Fabrication of 
the DTA is scheduled for fiscal year 
1982 and development tests will be 
initiated in fiscal year 1983. 


Figure i.— HPA development test article. 
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Thermal Management for 
Onorbit Energy Systems 

For Ihe nexl generation of space 
missions, much longer lifetimes and 
much higher power levels will be re- 
quired than in any previous missions. 
Efficient thermal management is man- 
datory because generation, transfer, 
and storage of the electrical energy 
needed for these future space mis- 
sions will result in the dissipation of 
huge quantities of waste heat. A low 
cost, reliable orbital thermal manage- 
ment system does not currently exist 
and must be provided for major future 
orbital operation systems. Such a 
system would need to overcome the 
previously discussed limitations of 
current system designs. Therefore, 
ways to increase energy capacity, re- 
ject waste heat, extend the operating 
capability of Shuttle, and provide 
power for a broad range of space ap- 
plications will require an entirety new 
effort in thermal management. 

The key to the tliermal management 
concept lies in the creation of a ther- 
mal "utility" system, analogous to mu- 
nicipal public utilities, where basic 
"trunk" lines are provided and into 
which individual customers can be In- 
tegrated. The system must he 
designed so changes in location or 
load of individual customers have 
minimal effect on the utility's 
capability to serve loads of the remain- 
ing customers. Such a centralized 
system would allow reduced opera- 
tional and payload integration costs, 
as well as reduced cost for all payload 
users by allowing common instrument 
thermal designs. Reduction in thermal 
management system costs can be 
achieved through system modularity; 
subsystems integration: stepwise 
growth capability to very large 
satellites: volume and weight reduc- 
tion: extended life by mainte- 
nance/replacement, materials com- 
palibilily, and Insensitivity to environ- 
mental conditions; and expansion of 


the thermal management technology 
base to provide simpler, more reliable 
systems. 

A schematic representation of a 
candidate thermal management 
system concept is shown in figure 1 . 
The system consists of a central two- 
phastr fluid transport loop that is ther- 
mally connected to a variety of heat 
sources and sinks. As shown, the 
sources can be individual pieces of 
equipment or smaller versions of the 
central system, each transporting heat 
to Its own variety of Interfacing hard- 
ware. In keeping with the "utility" 
concept, not all of the potential inter- 
face locations would necessarily be 
filled during a particular mission 
phase. The location of the heat 
sources in relation to each other in the 
loop would not be critical (as it is in 
current pumped-lluid systems) since 
all the heat transfei is taking place at a 
fairly constant temperature via 
evaporation or condensation of the 
working fluid. 


A preliminary study to screen candi- 
date concepts for the centralized ther- 
mal bus began in fiscal year 1981 . The 
results ol this study, due to be com- 
pleted in December 1981, will be 
utilized in oslablishing the specifica- 
tions for development of a thermal bus 
system concept from the initial design 
phase through hardware fabrication to 
thermal vacuum testing. Plans also 
call for the design, fabrication, and 
checkout of a profotypo constructable 
radiator test article, followed by ther- 
mal vacuum testing at JSC in mid- 
•1983. These subsystem-level efforts 
would be followed by a system level 
integration anu test phase iri which 
the thermodynamic performance and 
operating procedures for the complete 
thermal management system would 
be investigated. 


Figure I.— Advanced thermal management system concept. 
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High Voltage Plasma 
Interactions 

Intoractions Uetween the space 
plasma m low Earth orbits (LEO) and 
largo spacocrail surfaces at high 
voltage are capable of carrying signifi* 
cant "leakage" currents through the 
surrounding plasma The complex 
physical processes operating to limit, 
or multiply, these effects for full-scale 
space systems must be explored and 
understood to develope large power 
systems for space 

To address this problem, the program 
at JSC has employed large-scale ex* 
penments m the unique 20* by 30- 
meler Space Plasma Laboratory (SPL) 
operated in Chamber A, together with 
development of computer programs, to 
allow numerical simulation of the 
space charge sheaths around large 
high-vollage arrays. 

The SPL test program provides a 
direct experimental link between 
smaller scale experiments, analytical 
models, and much larger space flight 
systems. This is important to reduce 
the large errors often encountered in 
scaling hypothetical plasma behavior 
beyond an existing data base. The 
large size of the facility at JSC allows 
two critical experimental parameters 
to be obtained low plasma tem- 
f)erature and adequate plasma volume 
for free-space development of the 
high-voltage plasma sheaths. 

Several significant results were ob- 
tained from the large chamber experi- 
ments. The total plasma leakage cur- 
rents for a 1 - by 1 0*meter high-voltage 
panel were much lower than earlier 
estimates. The space-charge limited 
sheaths around the panel, observed 
directly for the first time, show rather 
sharply defined outer boundaries con- 
fining their electric fields and limiting 
current collection. This led to the 
adoption of a basically different model 
(Sharp Sheath Edge Model) for 
plasma current-leakage calculations 
than that generally used by NASA to 
date. 

This model accounts for the ob- 
served ineffectiveness of surface in- 
sulation in reducing plasma leakage 
currents. Reducing the exposed con- 
ductor area on a given array was 
shown by several experiments to be 
ineffective, and sometimes counler- 


pfoductivo in reducing current dram to 
the plasma Similar rosvills were ob- 
tained by using t by 1 0-meter panels 
and actual fligtu prototype Power Ex- 
tension Package (PEP) solar arrays. 
The PEP solar array was tested under 
full space-solar illumination while 
generating 40 to 80 watts power out- 
put. In all cases, insulation of more 
than 90 percent of the originally ex- 
posed conductor surface area resulted 
in less than 40 percent reduction in 
plasma leakage current. Above 200 
volts, plasma current dram was ac- 
tually multiplied by the added insula- 
tion 

The computer effort has been 
greatly advanced by adoption of the 
sharp sheath edge model, which 
allows a great reduction in computer 
time required for a rigorous solution. 
The new software (CLPH) uses relaxa- 
tion of an approximate solution lo a 
selfconsistenl equilibrium. Two 
breakthroughs have resulted from use 
of the CLPH. The trajectories of cur- 
rents from sharp outer edge to collect- 


Figure 1.— Computer program plot of plasma 

(a) Plot showing cross-section view in a 
plane perpendicular lo 1- by lo-metor 
(simulated solar array) panel at -3000 V 
surface potential. The 1 -meter panel width 
is oriented left to right at center of figure 
with voltage contours plotted in space 
below the panel and corresponding current 
trajectories from plasma to panel plotted in 
space above panel. Plots extend out from 
panel until reaching location of sharp sheath 
edge (at assumed potential of 1 volt). 



mg panel car> he mapped to provide a 
detailed iiccounimg of the distiik J cur- 
rent-focusing pattoras on the surfatjo 
of the high’voltage panel (fir.si ob 
.served by the low fight television 
system developed for the Space 
Plasma Laboralory) Response by the 
sheath to attempts to measure it by ex- 
ternal probes has also been calculated 
to involve very significant self-disturb- 
ance (see fig 1), 

The results indicate the importance 
of future application of both experi- 
mental and computational techniques 
m a coordinated iterative manner, to 
verify results or reveal errors m each 
The computation routines can be used 
in post-experiment analysis to account 
for anomalous results of variations m 
actual plasma conditions or experi- 
ment configuration from those ex- 
pected. In effect, repeated computer 
"experiments" can be conducted, 
varying only one parameter at a time, 
until either a match to the actual result 
IS obtained or all known explanations 
for the unexpected result are ruled out. 


sheath solution. 

(b) Identical system as (a) with addition of 
1 /2-Inch Langmuir probe at + 100 V In- 
serted 0.5 meter from the 1- by iO-metor 
panel surface at -3000 V. Note the radical 
change in internal sheath potential contours 
and current paths and resulting distribution 
on surface of panel 
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Advanced Manned Vehicle 
Onboard Propulsion Technology 

The present man>fated spaeecrall pro- 
pulsion systems use a toxic, corrosive, 
and expensive hyporgolic propellant 
combination of nitrogen textrox- 
ide/monomethyl hydrazine. For future 
highly reusable manned spacecraft 
propulsion systems, such as a second- 
generation Space Shuttle auxiliary 
propulsion system, the hypergolic pro- 
pellant combination will probably be 
phased out in favor of a noneorrosive, 
nontoxic, and less costly propellant 
combination. Preliminary studies indi- 
cate that the liquid oxygen/ 
hydrocarbon propellant family pro- 
vides the most attractive alternative 
and that an increase in system com- 
plexity will be unavoidable with these 
cryogenic propellants. 

The present spacecraft auxiliary 
propulsion technology data base is too 
limited to alloiw selection of an op- 
timum system and propellant com- 
bination. The objectives of this effort 
are to identify viable auxiliary propul- 
sion system designs and propellant 
combinations to replace hypergolic 
propellant systems and to develop the 
technology base that will allow an or- 
derly and cost-effective selection and 
subsequent development of a second- 
generation Shuttle auxiliary propulsion 
system. Results will also have ap- 
plicability to other advanced 
spacecraft systems with similar duty 
cycle requirements. 

Analytical and subscale experimental 
efforts are being conducted over a 
wide range of operating conditions to 
provide basic propellant combustion 
and thrust chamber cooling charac- 
teristics for promising propellant com- 
binations. Preliminary system design 
and trade studies are being conducted 
to (1) determine the inherent design, 
performance, and operational charac- 
teristics of promising propellant com- 
binations and system conceots, (2) 
provide a common basis to compare 
the weight, mission performance, cost, 
and operational characterlsliGS of 
promising propellant combinations 
and system concepts, and (3) identify 


critical areas where full-scale compo- 
nent level technology efforts would be 
most beneficial. 

High-speed color photography of 
single-element combustion hif?; been 
used to qualitatively characterize the 
basic combustion trends of different 
propellant combinations and injector 
element designs over a wide range of 
operating conditions. 

Resistance-heated tubes that 
simulate actual engine operating con- 
ditions have been used to characterize 
the thrust chamber regenerative cool- 
ing capability of propane. 

Subscale injectors of approximately 
1000 pounds force are being tested to 
characterize the combustion perform- 
ance, stability, and gas side heat 
transfer characteristics of promising 
propellant combinations. 

An overall systems study is being 
conducted to compare candidate liq- 
uid oxygen/hydrocarbon auxiliary pro- 
pulsion system concepts. 

Testing of unlike spray and unlike 
coherent jet Impinging element injec- 
tors with liquid oxygen and propane at 
a nominal pressure of 300 pounds per 
square inch has substantiated trends 


identified in the previous single-ele- 
ment combustion photography effort. 
That is, the magnitude of propellant 
spray pattern striation (reactive stream 
separation) associated with unlike 
spray Impinging element injectors 
results in significant performance 
losses. The coherent jet impinging 
element injector did not suffer signifi- 
cant performance losses for the condi- 
tions tested. Future efforts will include 
testing of other promising fuels as well 
as measurement of gas side heat flux. 

The overall system design and con- 
cept selection study approach is out- 
lined in figure 1. The candidate pro- 
pellant combinations being evaluated 
are oxygen/propane, oxygen/methane, 
oxygen/ammonia, and oxygen/ethyl 
alcohol. The design options to be con- 
sidered in Phase 1 will include! pump 
versus pressure feed; helium versus 
boost pump: cryogenic versus ambient 
propellant feed; foam/fiberous versus 
multi-iayer insulation: and degree of 
orbit maneuvering and attitude control 
system integration. 

Future efforts will Include comple- 
tion of the systems design study and 
the initiation of an experlmentaf igni- 
tion and pulsing thruster program. 


Figure 1. — Study approach 
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Multifunction Synthetic 
Aperture Radar Technology 

The present stale-of-the'art 
capabilities of spaceborne imaging 
radars include single-frequency, 
single-polanzation combination, and 
swaths up to 100 kilometers. Tech- 
nology advancement is needed to 
enable the development of multimis- 
sion, multifunction, v/ide-swath syn- 
thetic aperture radars (SAP’s) with 
selectable functional parameters, The 
multimission, multifunction SAP’s will 
satisfy multimission objectives at 
substantial cost savings: e.g.. Earth 
resources and ocaan surveys in the 
same mission. 

The planned and potential NASA 
synthetic aperture radar (SAP) mis- 
sions for the 1980's include: Shuttle 
advanced microwave experiment 
(SAMEX), free-flying imaging radar 
experiment (FIPEX), aircraft imaging 
radar experiment (AlPEX), Venus or- 
biting imaging radar (VOIP), and the 
U.S./Canadian SAP mission (fig. 1). 
The NASA Active Microwave Remote 
Sensing Research Program Plan iden- 
tifies SAP functional parameter re- 
quirements for remote sensing in the 
geoiogy, agriculture and forestry, water 
resources, oceans and polar ice ap- 
plication areas that include the follow- 
ing: 

Wavelengths of 

SAP operation: L- to Ky - bands 

Polarization 

combinations: HH, VV, and cross 

Resolution: 10 m to 300 m 

Swaths: 100 Km to 

500 Km 

Incidence angles: 1 5° to 60“ 
Calibration: 

Amplitude: 2 dB accuracy, 

1 dB precision 
(1 tr variation) 
Spatial: 1 0 m to 300 m 

accuracy (Irr 
variation) 


During 1980 NASA developed a con- 
ceptual SAP design that could operate 
at selectable frequencies (L- to X- 
band), selectable polarization com- 
bination, and selectable angle of inci- 
dence. This study identified key tech- 
nology areas needing further develop- 
ment to enable the fabrication of 


multimission and multifunction SAP’s 
for space applications. During fiscal 
year 1981, a program was initiated to 
address the designated antenna, 
high-power SAP transmitter, SAP 
calibration, and wide-swath SAP tech- 
nology development. The program 
element objectives are as follows. 

1 . Develop design approaches and 
demonstrate antenna system tech- 
nology for multifrequency, 
multipolarization, wide-swath SAP 
systems (fig. 2), 

2. Identify approaches, develop 
the necessary subsystems, and dem- 
onstrate calibration for Earth observa- 
tion SAP systems. 

3. Develop a high-power, reliable, 
and efficient microwave transmitter to 
meet the needs of future spacecraft 
SAP’s. 

4. Develop multibeam wide-swath 
SAP concept and demonstrate the 
design using ground-based sub- 
systems. 

5. Develop design approaches for 
potential Earth observation SAP's that 
incorporate designs/techniques iden- 
tified through this technology develop- 
ment program. 


Figure 1, — Some potential SAR missions. 



Fiscal year 1981 accomplishments on 
the multifunction SAR technology pro- 
gram include (1) Specifications and 
fabrication plan for advanced 
multimission antenna designs for 
laboratory demonstration. (2) Plan for 
systematic approach to SAR calibra- 
tion technology development, (3) SAR 
sensor error analysis procedure for 
calibration, (4) Design approach for 
high power combining architecture in 
vacuum, and (5) Computer-verified 
multibeam squint-mode SAR design 
concept. Based on the fiscal year 1 981 
effort, specific subsystems wiil be 
fabricated to develop and demonstrate 
the technology. This effort is planned 
to continue to FY1986. Joint efforts 
with U.S. Air Force and Defense Ad- 
vanced Research Procurement Agen- 
cy will be initiated through Memoran- 
da of Understanding to realize signifi- 
cant cost and time savings for both the 
Department of Defense and NASA, 


Figure 2.— Candidate SAR antenna tech' 
nology areas. 



42 OAST 





Advanced Carbon-Carbon 
Stand-Off Panel 

The Shutlle Orbiler thermal protection 
system (TPS) around doors, hatches, 
interface regions, and various penetra- 
tions consists of denstfled reusable 
surface insulation (RSI) and gap fillers. 
This current baseline TPS is subject to 
step/gap problems and damage in- 
duced by manufacturing operations, 
impacts from debris, et cetra. Further, 
this Installation is difficult to Inspect 
for installation quality. It is anticipated 
that selective RSI areas on the Orbiter 
could be retrofitted with advanced car- 
bon stand-off panel at no weight in- 
crease. The panel would provide a 
more durable and impact resistant sur- 
face, reduce step and gap problems, 
provide greater margin in high load 
regions, a more reliable attachment 
system and good maintainability with 
minimum turnaround. 


During fiscal year 1 981 , panel concep- 
tual design studies were completed 
and selection of a concept (or installa- 
tion on the nose cop lest article was 
made that provides for adjustment 
along the leading edge and sides to 
maximize retrolitability on the Orbiter. 
Parametric thermal analyses were 
conducted to optimize the basic in- 
sulation mix and to provide guidance 
on supporting filling design Three- 
dimensional thermal model construc- 
tion IS underway. 

Finite element static analysis has 
been conducted providing an indica- 
tion of acceptability of the thin skin- 
ned concept. Methods for proving 
panel stability for crush pressure are 
being evaluated. 

A finite element dynamic analysis 
is in progress. Mode shapes and 
response frequencies have been com- 
puted. Preliminary examination of 
panel stresses indicates that the com- 
bination of static and dynamic 
stresses will be manageable with the 
selected concept. 


The contractor will design, perform 
analytical studies, and fabricate a car- 
bon stand-off panel using the ad- 
vanced carbon-carbon material, This 
material will replace the RSI tiles be- 
tween the nose cap and nose landing 
gear door and extending transversal ly 
to approximately the nose gear doors 
outboard trim line. The prototype panel 
will be delivered to NASA/JSC for full- 
scale testing by using the nose cap 
lest article (T-5) as the test bed. 
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Nonterrettrlal Materials for 
Space Uae 

I iitui*' si».u t> .uMivitu's tu.«v involve the 
consliiK'tKVi ol veiv U«go slru'tuios in 
sp.ii V signilicnnlly less 

eiuMiJv IS n*ijiiiiei1 lo launch malenals 
fiom the Mixhi than frtvn Iht* taith. 
th»\s»' iijige scale sjiace activities nviy 
t>en<‘tit Ifom the development ol 
m.iiuifai tuiing industries in stxice th.jt 
I'trtain then f.«w materials frivn the 
rivks and minerals vM the M*x>n 


this yiMi s .ii livilies h.ive tuHv) divni 
rrated t>y .1 chaiu)*» in tix’us i^l ixii ac 
tivities aw.iy fiixn tire ctx‘miiMl prix' 
»*ssing stuilies, which have tx»en the 
I enlral thiuvt of this elUxt Ux the List 
tixji yr'ais towaul the seixiiatnxi ol 
mineial corn r*nlrates from lunai 
nuili'iials 

Mineial sruxnatuxi will tx* iminx 
tani IxH'ausr* the r.iw nuteiial .ivail.i 
hU\ the lun.ii u'gi'lith, is a cixnplex 
mixtuie ol iix k, mineral, and glass 
Iragnxmls If set'aialions can tu' txv 
liMint'd, It should tx' tnissit^U' lo 
simplify txMh |fx' I'lvnplexily and si/e 
of ch»>mic.il piix'essing Ihe lunar 
r»>^H>lith nxileiials tnestmt ctialleiHU's 
to lecfinoliHiy tx'cause they are 
t'fiysK ally complex and tx'causr' they 
are very fine giained taver.ivte gram 
si/e less tfi.m hO pm) In additnvi, 
Itx're IS .> strimg nxMivatii>n lo use 
fluidless st*P‘*.Mtion lechnigm's 
iH'c.uist' of Itie vacuum environment of 
st'.n'e Conseguenlly, JSC effivls were 
ilinvted toward Uxir major givils 

(11 Tfie r'slablishmeni of a 

l. itx'i.itory With mm»‘ial st'i'nration .ind 
f’.mdlirig facilities cajxrtile of attaining 
Ihe cU'anlint'ss slandarils reiiuin'il fix 
actu.1l lun.ir s.imple use 

(?) Iht' design and constiuclion of 
I'U'ctiosl.itic .)nd electiom.»giuMic sep 
.iMlion systems, with caixitiililies for 
use in dry niltovtt'ii .mil in v.jcuum 

(3) The production of materials 
from which miner. (!.>(jic .md gr.un si/e 
simulants to lun.n s.mHrles Wixjld tm 

m. )de 

(4) Testing of sejxrf.jlKX'is using 
juolotype t>guij)ment 

Duiing the ye.ii, a l.itxx.ilory are.i 
w.rs est.ihlished and refitted with 
st.md.ird equipirx'nl to meet lest re- 
guiiements The lest system was 
designed .md f.ihiic.ited Several 
rix ks .tnd mmyr.jls (olivine, pyroxene, 
ilmenite, .md anoithositic gahhro) 
h.we been crushed, ground, .md 
sieved into the seven standjid si/e 
fractions used to ch.Hactori/e li nar 
soils In .uidition, a synthetic glass of 
the cixntxisitiixi of lunar lias.ill has 
lH?en treated lo intrixliKe fine grained 
metallic iiixi By cixnbining these 
maleri.ils in v.mixjs priHXXtions, they 
can tx* used to construct a variety of 
simulants to lunar regc»lith nvitenals 
The minmalogic composition, Ihe 
.mxxjnt of glass, and Ihe gram si/e of 
tht' simuUjnt can tx’ controlled 


Tlx' l.jsl pfvise ol this year's work m 
volved tests using a prototype 
elecirost.ilic setiar.dion system 
(vitM.ilmg fixxfer with .1 flateplate 
electiixlt') A fine grained (4b to 90 
em) mixture ol olivirx* and ilnx*nite 
(b 1 r.ilio) was used m the tests Tfx* 
tx'st siH'ar.Uiixis (fig 1 ) were iitM.iirxHl 
witfi Ifre electrixie vertical, .« 2 cm 
M'jMi.ition between le«‘dei and 
eltvtiiHle, .md the elix lnxk? l)i.)sed 
(X)silive at bOOO volts with respect to 
the fet'dei Uruit‘i Itxese cixxlilions, 
lx>lh rnirxMals .ire attracted lo the 
electrode, ixi tfx' electrixie the il 
menite, which is an eUvtiical condiM' 
tix .icguiit's .1 tx'sitive ch.irgt' and is 
repelled from the filate, the olivine 
.uffxMes lo tfx' electrixie .md drot>s 
vivlic.illy As judgt’d try Itie cokx of tfx* 
resultant nvitenal setxirales, ttie setxi 
Mtiixis .ire guile clean and the il 
menite .ijrpe.iis lo tx* sorted with 
lesjx'ct lo gi.im si/e with the finest 
gi.iiix'd nxiU'iials le^x^lled Ihe f.iithest 
fiom ttx’ tri.ile 

These results .ire Ix'ing mieg ated 
into Itie test plans and tests with .i 
new system will be cmdu ted this 
f.ill VaiKXis simulant mixtures will be 
tr’sled, tieginning with simple 
simul.mts .md pn^jiessmg to nxxe 
lun.ii like mixtures 


F igiirii 1 — Lrtboialorv 'esull ul electro 
iringnelic seoxrHiion ol lunm meteiiiil 
Olivirx* (ligtil color) is corKonlruleil ilireclly 
treneathi tlx* vertical tlat plate electrode 
The ilmenite (blacK) larlhest Irom the olivine 
IS lintrr grained than that immedialelv ad|a* 
cent to the olivine 
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Shuttle-Launched Research 
Vehicle 

The initiation of operational Space 
Shuttle flights in the 1980’s will pro- 
vide the aerospace community with 
many unique opportunities to demon- 
strate and evaluate advanced space 
vehicle design concepts. The narrow 
entry corridor of the Orbiter and the in- 
herent limitations of ground-based 
laboratories to simulate entry and 
aerothermal flight environments dic- 
tate a need for a separate category of 
entry research vehicles. The frequen- 
cy of flights into space by the Orbiter 
will provide a recurring capability to 
carry advanced, unmanned aerospace 
vehicles into Earth orbit and perform 
research and technoloy demon- 
strations in many related disciplines 
while these vehicles maneuver, enter, 
and fly in the upper atmosphere before 
initiating a land-based recovery. 

The Shuttle-Launched Research 
Vehicle (SLRV) program will enable 
the NASA flight research centers to ex- 
pand their knowledge in entry and hy- 
personic technologies for future 
developments in the Earth and plane- 
tary space programs, and will provide 
principal investigators with a dynamic 
flight research facility that will lead to 
new generations of operational space 
flight vehicles. 

The SLPV would be used to demon- 
strate new technology concepts in hy- 
personic flight environments that lie 
outside the operational envelope of 
the Shuttle Orbiter. These concepts 
include aeromaneuvering systems for 
reusable orbital transfer vehicles and 
planetary orbiters, advanced thermal 
protection system materials for plane- 
tary entry probes and future genera- 
tions of Earth-to-orbit transport vehi- 
cles, and control-configured designs 
for heavy-lift launch vehicles. 

The SLRV program uses the Orbiter's 
payload capability for advanced tech- 
nology research and development and 
extends the aerodynamic and aero- 
thermodynamic research that will be 
conducted from the Space Shuttle dur- 
ing the Orbiter Experiments Program. 

The SLRV concept provides a com- 
mon electronics "core" system to 
which various aeroshell or fuselage 
configurations can be attached. This 
"core" will provide all normal avionics, 
control, data, communications, power, 


and maneuvering capability for un- 
manned subscale reentry vehicles. Ex- 
periments selected for these vehicles 
would be designed to provide 
research data to support the Office of 
Aeronautics and Space Technology 
research programs in advanced space 
transportation systems and planetary 
entry technology. Aeroshell and 
fuselage configurations would satisfy 
specific experimental objectives and 
would fall into three categories: 
ballistic, medium lift-to-drag (L/D) 
ratio lifting bodies, and high L/D ratio 
lifting bodies. 

The SLRV development program Is 
designed with primary emphasis 
directed toward cost-effectiveness. 
This program employs a phased pro- 
grammatic approach whereby 
development of the flight vehicles will 
be initiated on a modest scale, Major 
decisions for subsequent growth will 
follow technical advancements made 
during earlier phases of the flight 
research program. These decisions 
will also consider the research data 
obtained from the Orbiter Experiments 
Program. 

Significant program activities ac- 
complished this year at JSC include 
completion of a SLRV applications and 
cost-benefits study and initiation of 
vehicle design concept studies. The 
purpose of the applications study was 
to identify "high-yield" technology 


demonstrations that would signifi- 
cantly benefit the development of 
future generations of space transporta- 
tion vehicles and planetary spacecraft 
and to propose various configurations 
of SLRV vehicles to accommodate 
these demonstrations. The design 
concept studies will consider the most 
promising SLRV designs in more detail 
and will identify subsystem perfor- 
mance requirements. 

The applications study has resulted 
in the identification of 28 research and 
technology experiments and two can- 
didate vehicle configurations for the 
SLRV. These vehicle configurations in- 
clude ballistic and variable-trim 
biconic. 

The variable-trim vehicle (fig. 1) 
provides the greatest versatility. This 
vehicle will use split windward flaps to 
fly at various angles of attack during 
entry. It will flight test both windward 
and leeward advanced thermal pro- 
tection system design concepts and 
advanced flight control system within 
reentry environments and flight cor- 
ridors that are unattainable using the 
Shuttle Orbiter, 

Discussions were held between 
NASA and the Air Force to determine if 
a joint synergism exists. The SLRV 
could be used to obtain initial perform- 
ance data and develop a data base for 
Air Force hypersonic flight test experi- 
ments. 


Figure 1, — Maneuverable Shuttle-launched research vehicle (split windv/ard flap configura- 
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Fire*Re*istant Low-Smoke- 
Generating Thermally Stable End 
Items for Aircraft and 
Spacecraft. 

1 he vk’i’ot.il obiertives of the pti^yfani. 
called the rif»vm>n Ptogiam. ate to 
ilevelop and apply Ii*p tesislant 
rn.tlen.ils ttH hnology to the siitvivable 
crash .ind tamp tites in avnttietcial 
iiitct.iti .ind to comliK t systems testing 
ot n»>w .ind nxxlitied tite tesist.inl 
maieiials in contigiit.iiictns su'h as 
aitn.iti wall .ind tkxx panels. st*ats. 
tuselaijt' secticxis. .ind the ovetall 
cabin aiea The ilelailed obitvtives ot 
the ptixyam ate tfx» following 

1 To dt?nxxisti;ile that the in 
inxiiK'tion ot tire battiet nxiletials in 
the exieticH wall will prevent an extet 
n.il "ik'sign" tite ttixn entering closed 
halxiable .ireas fix the minimum 5- 
minute txxKxl nmltHi kx passenger 
evacuiiticxi 

2 To itenxxistrate that a closed 
cabin will not re.'urh a teiTHieiature ot 
400' F (considered a lethal tern 
peraturp kx humans) ncx generate 
snxike or toxrc gitses at temperatures 
up to 4CX)* F during a s^XHxtied 
■‘dt'sign" tire 

3 To denxxistiate that a "design" 
tire in the area ot a cabin o()ening will 
rx»t t)i(H><H)itte thrcxigtxxit the cabin 
.ire.i iluring the minimum 5-minute 
(H*rnx 1 


Untk'i thest' gtmeral ot)|ei'tives. three 
.'.tH'citic tasks were undert.iken in a 
l>h.ised atnxivich 

1 f’olyimide Developments (a) 
Hesilient F\xun • Ctxitmued develop- 
nx’nt ot rxxitlammi.ole resilient foam 
kx se.it cushicxi use (b) Semi Higid 
.ind Rigid Rixim Cixitinued devek^v 
merit ot these ntxillammable tcxams tor 
tjt'neral .ipplications (c) Fixim F>ro- 
diK tion Ccxnpleted pilot plant dem- 
onstr.ition ot (xilyimide tixam produc- 
tion 

2 Aircraft sidewal* burnthrough 
ev.ilu.itiixi (a) Conducted burnthnxjgh 
tt'sis 1 X 1 contiguratKxis representative 
ot Btxiing 77 ). Dtxiglas DC- 10. and 
I (x:ktuH‘d L-101 1 siik'walls (b) Ccxii- 
(ileted manutaclure of improved 
t>anels fix future testing 

3 Wall and Ceiling Panels - Cur- 
rently devek'i^iing F luxel (tlucxofi.arbon 
elastonwr) paneling material fix use in 
w.ill and ceiling panel 

NASA development ot polyimide 
tixiins was initiated severat years ago 
liased on technology (inxlucred tor tur- 
tiine engine insulation The develoji- 
ments tiave produi'ed a resilient seat 
l ushion tixjm that has excellent tire 
resistant characteristics The 
txilyimide foams have been prtxluced 
.It pilot plant cap.acities and have been . 
tested tor flamnvability characteristics 
in two NASA study crxitracts. as well 
.IS in a full scale Federal Aviation Ad 
ministration (FAA) test conducted at 


Figure 1 — Post -crash exiemal hjel tire aircraft seat ftammabilily test 
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o* sejt surface 


Sf*v<?rFlv 

p s«At neartiAt Fxtgrnjt 

* fuFf fire 


UphoJsftfry and 
tfCk ing d*fT^agr*d 
polytt^>d« foam 
unaffected — ' 


t AA let.tinical Center figure 1 is a 
txist test ptxitiX)i.H)h showing mmitixil 
il.im.ige to the (xilyirimk' kvim in the 
t AA full stMie test All u'sults indic.ite 
ih.it trie toam is tiasically rxxitlame 
t)i(H'.Hl.iting 'P direct axitrast to the 
curtent p«ilyuteth.ine kxitn which acts 
as .1 fuel in lull scale tires 

Ttie txilyimide kvim has alsii tieen 
testeil liy rixi)tx seal manut.ictunrrs kx 
seating i tiaracteiistics Biised on the 
se.iting ev.ikxilicxi results and tlam- 
nvibilily characletislics. ixie cixnpatiy 
IS manut.icluring seals tor flight 
evaluation and marketing demon- 
slr.ilKxis Ttie kvim has a significant 
.idvantage over current seating 
l ushions 111 ,1 weigtil siivings i>t 40 
tH'icen; Cixiiiix’icial quantities 14 ) to 
1 million txxinds (xx year will Ih' 
available starting in Dt'cemlxx 1981 
A versitxi ot the ^xilyimick* semi- 
rigid-toam including ceramic titiers 
shows prcxiiise as an aircraft sidewall 
insulation This material can withstand 
a higher heating envinximent than the 
current glass insulation and. theretixe. 
may be a good tire barrier sidewall 
candidate Panel tests ot this material 
are planned 

The aircraft piinel burnthrcxjgh test 
program has prixluced burnthitxrgh 
characteristics for three baseline 
sidewall configurations These 
baseline configurations are tor the 
Boeing 727, Douglas DC- 10 and 
Lockheed L-101 1 Each contained in- 
sulation. insulation txtgging, interitx 
wall panels, nxjtal tranxjs. and exterior 
aluminum skin All three ot these con- 
figurations had burnthrough times in a 
JET A-1 fuel tire ot 90 seconds Im- 
proved configurations are being 
develo^ied tcx testing 

Rigid polyimide foam also was in- 
corporated into honeyccxrib to fabri- 
cate two high-trattic floor panels 
These panels have tace sheets with 
improved adhesion to the honeycomb 
core to minimi/e any delaminaticxi 
problem These two panels have been 
installed in two United Aircraft 747 
airplanes for flight tests 

An aircraft manufacturer and an 
aircraft materials supplier are optimi?- 
ing the Fluorel laminates with regiird 
to the Fluorel core thickness in relation 
to the various weights and types ot 
tace skins The obiective of the pro- 
gram IS to obtain lighter weight wall 
and ceiling panels without sacrificing 
any of the acoustical pro^ 1 ertles 
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Toxicity Testing and Evaluation 
of Candidate Aircraft Material 

As a pari of NASA’s (ire relardatil 
matoriais engineering program (FIRE* 
MEN) at JSC. the applicability of pro* 
oedures commonly employed in 
behavioral pfiarmacology research to 
material toxicity tests has been in- 
vestigated. These procedures are 
based on techniques developed in 
operant behavior technology. The ad- 
vantages of these techniques to 
material fire tests are that objectively 
quantifiable changes in behavior can 
bo monitored during tests and related 
to changes in the off-gassed products 
produced during material pyrolysis 
and/or combusion. In addition, these 
techniques allow the sensitivity of 
different behaviors as test biological 
end points to be compared and evalu- 
ated. For instance, laboratory tests at 
JSC have shown that rodent operant 
bar pressing for shock escape is more 
resistant to carbon monoxide induced 
incapacitation than is ambulation In a 
rotating wheel. Such results indicate 
that conclusions about the absolute 
behavioral toxicity of materials would 
vary with the particular biological end 
point employed in the lest procedure. 

The results of a JSC material toxicity 
lest in which operant shock escape 
behavior served a.s the biological end 
point is illustrated in figure 1. The 
materials tested were a conventional 
fire retarded polyurethane foam and a 
recently developed polyimide foam, At 
each of three temperatures, the effects 
of the pyrolysis products of the two 
polymers were determined. As the 
figure indicates, behavioral toxicity 
varied with test temperature and tox- 
icological rankings of the materials 
based on either the higher or lower 
test temperature alone would have 
differed. 

In addition to laboratory tests of 
polyimide and polyurethane foam, full- 
scale tests of materials were con- 
ducted in the JSC 737 fuselage. Two 
indices of material toxicity were 
gathered during these tests: (1) 24- 
hour mortality tabulations and (2) 
changes in operant shock escape per- 
formance. The materials tested in- 
cluded seating forms and upholstery, 
wall and ceiling panels, storage bins, 
and passenger service units. The 
volume of fuel used for material igni- 


tion and fuselage ventilation rales 
were varied during these tests to help 
determine the contribution of these 
variables to cabin fire toxicity. The 
results of these tests indicate that 
larger fuel volumes and polyurethane 
sealing foams significantly Increase 
the toxicity of a cabin fire. 

Figure 2 shows the operant 
behavioral data from full-scale tests of 
contemporary polyurethane seating 
foam, ceiling and wall panels, and 
new state-of-the-art polyimide foam 


and paneling. These results are en- 
couraging for the increased safety pro- 
vided by the new materials. At no 
point during the test of the state-of- 
the-art materials was behavioral in- 
capacitation evident, indicating a sig- 
nificantly reduced toxicity hazard for 
the new materials. Based on these 
tests, the new polyimide foam appears 
to hold great promise as a fire retarded 
sealing material for use in public 
transportation vehicles. 



Figure 1.— Mean percent shock escape 1 standard error) as a function of pyrolysis fem- 
peralure and lest material. 


Figure 2, — Percent shock escape as a function of test time and test material. 
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Space Operation* Center Tech- 
nology Aasesament 

lM»> SiMi t? OtHvations Center (SCX^), 
tn Its total concept, will provide the 
m»*ans to accomplish space en- 
dt'cm'ifs well l)eyond the technical 
( atKibilitv and ext>erience now exist- 
ing in the United States space pro- 
qiam The SOC. from its initial perma- 
nently niiinned capability through its 
evolutionary growth to a large space 
system construction facility and space 
vehicle servicing facility, presents a 
numtrer of technological challenges 
anil o()^X’lrtunl|les 

The acceptance of the SOC as a 
credible program derTvinded that a cri- 
tical assessment be nvide of the ap- 
plication of state-of-tfie-art tech- 
nologies and the benefits to be 
derived from technology improve- 
ments In the latter category would be. 
fcK example, closed- loop life support 
systems to reduce dependence upon 
resupply of expendables, high voltage 
txiwer systems to reduce weight, and 
oi)tical mtormatiixi transfer busses to 
reduce weight and minimize 
electromagnetic interference prob- 
lems While the initial SOC configura- 
tiixi could tH? develiH^ed by using con- 
ventiixial tei hnoiogies. improvements 
six:h as those cited could potentially 
provide a rrxxe capable facility and 
avoid built-in obsolescence 

With the identification of potential 
technology improvenierts. it is then 
necessary to develop an overall tech- 
nology advancement plan which, 
when implemented in the early phase 
of the program, will assure that 
development and schedule risks are 
minirni/ed 


T fie cttiprixich t.tken was to strui ture a 
technology assessment task to t>e 
piijced With the txime study contrac 
t(x The tiisk was to tH? treated and 
analyzed as an integral part of the 
over.jll study and cixicept defintion 
activity with the necessary iterations 
and interactions with the overall con- 
cept definition and analysis tasks The 
end prixiu- t of the task wixjid be used 
ns suppivting d.ata to be integrated 
with a SOC technology .rdvancement 
plan to tx’ develot)ed at JSC 


The contractor examined 11 tech- 
rxiiogy assessment .ireas (fig 1 ) in the 
crxjrse of the study lndividu.il assess- 
itH»nls were m.ide for txMh the initial 
(?peialional configuration and the 
growth configuration with capabilities 
fix laig*? space- system construction 
.ind orbital- transfer vehicle servicing 
While no technology "break- 
thnxjghs" were identified as required, 
a total of S4 s^iei'ific technology im 
txovement items were identified For 
each Item the contractor assessed the 
criticality/priofity level, the current 
tei hnology level, and the technology 
readiness level the specific item 
shixjld attain prior to the preliminary 
ilesign review of the detailed design 
and fabricatKHi phase of the program 
The ccxitractix data are now being 
integrated into the S(X) techrwlogy 
advancement plan at JSC Fixmal 
publication is expected late in calen- 
dai year 1981 
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Figure 1 — Space Operations Center tecfxrology assessment areas 
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Lunar and Planetary Sciences 

During fiscal year 1981, planetary 
sciences at the Johnson Space Center 
(JSC) continued a broad range of ex- 
perimenidl and theoretical investiga- 
tions. Different investigations focused 
on virtually every class of planetary ob- 
ject that displays a solid surface. Dur- 
ing 1981 as in previous years, the 
overall thrust of planetary research 
projects at JSC was unified in sample- 
oriented research. The ability to pro- 
perly store, prepare, and analyze sam- 
ples of planetary interest is what sets 
JSC apart from other NASA centers in 
planetary studies. 

Great advances were made at JSC 
during the past year in several areas of 
interest to planetary scientists. Some 
of the most outstanding contributions 
are summarized in the following 


paragraphs, and others are described 
in the section of this report on signifi- 
cant tasks. 

Technology 

Technology is discussed first in this 
summary because of the significance 
of the new cosmic dust collection 
system that is now in operation. 
Development of a new cosmic dust 
collector has been in progress for 
several years. A new set of collectors 
has been completed and is now flying 
and collecting cosmic dust. The new 
collectors have the potential to in- 
cicase the world's collection of cos- 
mic dust by orders of magnitude. The 
availability of this new, greatly 
enlarged collection of cosmic dust 
grains will surely open the way to 
fascinating new research on these 


materials. Future analytical investiga- 
tions of these materials may well pro- 
vide insights into the early condensa- 
tion of the solar system. 

Another lechnolgoy thrust concerns 
direct analysis of cometary dust by 
spaceborne instrumentation. A study 
of the feasibility of collecting cometary 
dust and performing isotope dilution 
by mass spectrometry of the collected 
materials Is being performed. The 
research plan is to consider the poten- 
tial instrument, one component at a 
time, and develop a functional design 
for each component. In the past year, a 
new design was developed for a sam- 
ple canister (fig. 1). The sample 
canister is now in fabrication. After 
fabrication, each component wi;l be 
laboratory tested in an end-to-end 
mode to determine if the component 
operates properly. 


Fiyure 1 . — Design concept for the sample canister. Material to be analyzed Is collected on the miltiporo sample collection material, That materi- 
al Is carried on the carrier strip with uio mioroporous membrane that is used for liquid-vapor phase separation. The diaphragm is manipulated 
with GN; pressure to control liquid in the sample canister. 
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A third major tfH’hnoIogy thrust in 
planetary studie?! concerns an ion 
microprobo miori>annly/er This type of 
instrument, wtien dovetoped and 
operating, will make it possible to 
analyse planetary materials for a wide 
range of major and trace elements for 
isotope abundances and ratios. The 
instrument allows those analyses to be 
performed with a spatial resolution of 
10 micrometers or loss. It is essential 
to recognize that minerals and other 
planetary materials are not 
homogeneous on the I0*mlcrometer 
scale, and tlie differences from 
homogeneity contain information on 
the history of the planetary materials. 
This technology may bring about a 
great leap forward in understanding 
planetary materials and hence plane* 
tary history. During this past year, JSC 
has advanced toward obtaining a new 
ion microprobe mass analyzer by 
defining achievable, state-of-the-art 
specifications. 

Lunar Studies 

,Aa in previous yearvS, lunar studies ac- 
counted for about one-third of the 
planetary research performed by JSC. 
Many of these studies concerned in- 
dividual lunar samples and details of 
each rock's mineralogy, petrology, 
geochemislry. and/or isotopic com- 
position. Such studies were performed 
on soil and rocks from the lunar high- 
lands. One particularly comprehensive 
study involved Apollo 15 core sample 
15008. This sample was opened, di- 
secled. and distributed to investiga- 
tors as part of a continuing project to 
systeiTiatically open all returned 
Apollo cores. Numerous samples of 
1 5008 were studied in the laboratories 
at the JSC. Whereas in previously 
opened cores there have been distinct 
layers with a range of mineralogy, 
chemistry. e>:posure age, and maturity, 
the data for 1 5008 displayed very little 
change in parameters as a function of 
depth. 

An observation that received much 
attention at the recent Lunar and 
Planetary Science Conference was 
that the suite of lunar plutonic rocks 
differs from one Apollo landing site to 
another. This observation was recog- 
nized and published by JSC scientists 
in the mid I970*s. Their data showed 
that anorthosites are common at the 
Apollo 16 site and that norites and 


troctolites are common at the Apollo 
17 site. The idea was not well 
received at that time because the cur- 
rent model of the Moon was that It 
consisted of shells. But in the past 
year lunar science had advanced so 
that models with lateral heterogeneity 
were being considered. Thus, the 
differences between the Apollo 16 
and 1 7 landing sites became support- 
ing information for the concept. 

Asteroid Studies 

The proper interpretation of reflec- 
tance spectra obtained from asteroids 
and other planetary objects is one of 
the studies at JSC. The approach is to 
obtain laboratory spectra of likely 
planetary materials. These model 
spectra will then be available to in- 
terpret planetary spectra obtained 
telescopically. The great advance this 
year was totally unexpected. Laborato- 
ry spectra collected on materials as a 
function of grain size demonstrated 
that grain size is a major parameter in 
determining the final reflectance 
spectra. It was demonstrated that 
grain size is a more important 
parameter than admixtures of 
"lightening" or "darkening" agents 
(i.e., minerals) such as plagioclase 
and ilmenite. Laboratory experiments 
demonstrated that the absorption 


bands in pyroxenes became less deep 
with decreasing grain size (fig. 2). 
This effect Is so strong that grain sizes 
less than 30 micrometers yield spectra 
that are almost flat, especially com- 
pared with spectra obtained on sam- 
ples with gram sizes over 150 
micrometers. 

Earth’s Ancient Crust 

Studies of the rare-Eaith-element 
isotopes of samarium (Sm) and 
neodymium (Nd) have been con- 
ducted on terrestrial anorthosites from 
Bad Vermillion Lake (Canada) and 
Adirondack Mountains (N.Y.). The 
techniques developed for planetary 
sample analysis allow these rocks to 
be dated for Ihe first time. They are an- 
cient (2700 million years and 1200 
million years, respectively) and were 
derived from a source material 
different from that of the chondritic 
meteorites (a solar system standard). 
The application of new techniques at 
JSC can significantly improve our un- 
derstanding of the development of the 
Earth's crust and mantle for com- 
parison with the other planets. 

There are two significant tasks that 
focus on 3300 million-year rocks from 
the Beartooth Mountains in Montana 
and Wyoming. One described the age 
and geochemistry of the supracrustal 


Figure 2.— Laboratory reflectance spectra curves tor mixtures of 15 percent Ilmenite with 85 
percent enstatite. The absorbtion band near 1 .0 micrometer Is due to an Fe'/'* transition In the 
enstatite. Decreasing grain size may cause the absorbtion band to lose Us Intensity. 
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sequence of volcanic and sedimentary 
rocks that were dated. The second de- 
scribed the metamorphism of those 
rocks as taking place at 650 to 750“ C 
and between 5 and 7 kilobars. The 
result demonstrated significant thick- 
ness of continental material already 
separated from mantle at 3300 million 
years. To be metamorphosed at 5 to 7 
kilobars directly implies a depth of 
burial of between 16 and 22 
kilometers. And since the volcanic and 
sedimentary sequence was deposited 
and derived in part from pre-existing 
continental material, there must have 
been significant thickness of conti- 
nental material in the form of conti- 
nents. Thus, the ideas of some scien- 
tists that the early Earth could not sup- 
port thick continents must be incor- 
rect. 

Mars and Venus 

The major research this past year was 
weathering on Mars. The dry valleys in 
Antarctica continue to provide martian 
weathering analog materials. These 
materials have been analyzed for 
mineralogy, petrology, bulk chemistry, 
and volatile gases. The model for an 
ideal Antarctica weathering profile 
(fig, 3) developed from JSC research 
has greatly aided in the interpretation 
of Viking data from the Mars surface. 


High contents of chlorine and possibly 
sulfur in the Viking analysis of Mars 
soil may be understood in terms of 
enrichments due to weathering. In ad- 
dition, the duracrust on the surface of 
Mars may be due to a surface layer of 
cemented soil as a natural weathering 
phenomenon. This research, com- 
bined with the JSC investigation of the 
effects of ultraviolet (UV) and infrared 
(IR) on the weathering of martian 
minerals reported last year (tests indi- 
cate that IR is important but UV is not) 
is causing a major change in the un- 
derstanding of weathering on Mars. 
This understanding is particularly im- 
portant for any future landing mission 
to Mars. The nature of the surface must 
be understood to properly plan surface 
activities of sample collection (for 
return to Earth) and of in situ analysis. 

Comets 

One investigation of comets during the 
past year indicated a 29-year 
periodicity for fails of H-chondrite 
meteorites with 3- to 5-million year ex- 
posure ages. A 29-year periodicity is 
suggestive of a comet- type origin for 
the parent body of the H-rhondrites. 
This is interesting and important 
because the H-chondrites with 3- to 5- 
million year exposure ages represent 
about 20 percent of all known 


meteorite falls. If all the investigated 
H-chondrites have a similar orbit for 
their parent body, perhaps there is but 
a single parent body for these 20 per- 
cent of all known meteorites. This im- 
plies that very few parent bodies are 
represented in our meteorite collec- 
tions. and their parent bodies are in 
comet-type orbits and not in asteroid- 
type orbits. 

Basaltic Voicanlsm 

The basaltic volcanism project is now 
completed. Several JSC scientists 
participated in this program dedicated 
to writing a book on the role of basaltic 
volcanism in planetary development. 
As an important portion of the project, 
hundreds of major and trace element 
analyses of selected suites of basalt 
samples from around the world were 
performed in our laboratories. These 
samples were selected to represent 
numerous types of basalts — both tec- 
tonic types and compositional types. 
These analyses will form the basis for 
much statistical research in future 
years. 

Cosmic Dust 

Cosmic dust was only recently iden- 
tified and verified as being extrater- 
restrial. As noted in the section of this 
summary on technology, the Curator’s 
Office at the JSC recently initiated a 
program of cosmic dust collection. The 
first samples of the newly-collected 
cosmic dust should be in our laborato- 
ries at this time. The electron 
microscope laboratory at the JSC is 
newly-instrumented with a transmis- 
sion electron microscope specifically 
designed to study the mineralogy, 
petrology, and crystallography of these 
cosmic dust particles. 

Icy Satellites and Asteroids 

Studies of photography obtained by 
Voyager spacecraft are being con- 
ducted at JSC. Large, multiringed 
basins on these icy objects, such as 
the Valhalla Basin on Callisto, the 4th 
satellite of Jupiter, show morphologi- 
cal features similar to structures 
known on Earth from glacial and Ice- 
covered regions. Specifically, the 
Valhalla Basin has been modeled as 
an ice cauldron due to internal col- 
lapse. 


Figure 3. — Idealized soil profile from the Dry Valleys of Antarctica which is applicable to the 
Martian regolllh. Most of the chemical alterations and secondary mineral formation occur within 
or above the active zone. The vertical scale or depth may vary depending upon the local en- 
vironment. 
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Meteorite Studies 

Meteorites from Mars and fluid irx:lu- 
sions in meteorites were two studies 
that received public attention the past 
year An additional study sets out a 
new model for chondrite formation 
Meteorites from Mars is highlighted 
as one of the significant tasks A group 
of nine known achondrite meteorites 
have characteristics best explained by 
the idea that they originated on Mars 
The most direct evidence is that these 
meteorites are igneous rocks that 
crystallized about 1300 million years 
ago This means that their parent 
bodies had to be heated to melting 
1 300 million years ago or about 3000 
million years after formation of the 
parent bodies Not understanding how 
an asteroid could stay hot so long, at- 
tention was directed to the planets in 
the search for a parent body The 


geochemical characteristics of these 
nine meteorites do not match either 
Earth or Moon, so those planets are not 
the parent bodies On the basis of the 
high density of impact craters on its 
surface. Mercury was not volcanically 
active at the proper time Venus was 
considered but it is so large that it is 
difficult to remove the rocks from its 
surface So Mars is the best candidate 
for the parent body. Its gravity is low 
(38 percent of Earth’s) so it is less 
difficult to account for the removal of 
rocks, and there are volcanoes on 
Mars that appear to be geologically 
young The identification of these 
meteorites from Mars allows specula- 
tion about the mantle of Mars as well 
as Its thermal history 

Fluid inclusions m meteorites is a 
new field, and there are only two or 
three previous reports about them 
Scientists at JSC have identified fluid 


Figure 4 — Photomicrographs of fluid inclusions in meteorites The scale bar in each pTK>to is 
10 micrometers long In a. b. c. d. and e. a single fluid irKlusion is shown in several views In 
each view a vapor bubble may be seen in the inclusion The vapor bubble is in a different loca* 
tion in each photograph The difference In the location of the vapor bubble is evider>ce that the 
material in the inclusion (the host of the vapor bubble) is a liquid Views I. g. and h illustrate 
different irKluSion shapes 
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inclusions m an achondrite meteorite 
(fig 4) An analysis of the fluid con 
tamed within the inclusion is important 
in determining the chemical composi- 
tion and density of the vapor phase 
that was present during formation of 
the host mineral Because volatiles are 
so important in rock formation, these 
direct samples of ancient fluids pro- 
vide important constraints in the histo- 
ry of planetary samples In the case of 
this meteorite, the fluids are high-den- 
sity aqueous solutions of sodium 
chloride and indicate that the 
meteorite formed on a very large 
parent body — perhaps a very large 
asteroid or even Mars 

A new model for chondrites 
received much attention during the 
annual Lunar and Planetary Science 
Conference This rnodel. by a JSC 
scientist, suggests that chondrites 
form by accumulation of chondrules 
that formed through collision of par- 
tially molten planetoids This rrxxlel 
accounts for the textures of chondrites 
as well as lor the peculiar shape and 
texture of chondrules The purpose of 
the new model is to identify energy 
sources for the formation of 
chondrules Specifically, the new 
model IS in accord with surface ten- 
sions recently measured in our 
laboratories lor silicate liquids 
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Dunng fiscal year 1961, with the sue* 
cessful Space Shuttle mission(s), Lite 
Sciences has rrx)ve<l trom a strictly 
research rnexJe. as espenenced during 
the interval trom the last manned U S 
flight to the STS-1 flight, to a dual 
research and operations rrxxle JSC 
conducts a broad range of medical 
research and operations activities in 
support of the following Life Sciences 
Program goals 

1 To ensure the long-term health, 
well-being, and performance of 
humans m space, to characterise the 
medical constraints of space flight; 
and to enable participation by a 
broader segment of the population 

2 To use the space environme.it 
as a laboratory for furthering funda- 
mental krwwiedge m medicine and 
biology 

3 To conduct the research and 
technology development necessary to 
maintaining life in space on a self-sus 
taming basis for long periods of time. 

4 To understand the origin and 
early evolution of life on Earth, its rela- 
tionship to Its habitat, and the poten- 
tial for the occurrence of life 
elsewhere in the universe 

To accomplish these goals, ac- 
tivities at JSC. funded by the Office of 
Space Sciences, involve research and 
technology development The maior 
activities in research during fiscal year 
1981 were directed to the goal of en- 
suring the long-term health, well- 
being. and performance of humans in 
space An m- house JSC effort has pro- 
duced a Medical Information System 
to provide medical operations person- 
nel. supporting laboratories, and man- 
agement timely methods to collect, 
store, retrieve, manipulate, summar- 
ize. and status all elements of medical 
information on each crewperson In 
addition, research has bf n con- 
ducted into the effectiveness of 
denitrogenation procedures on space 
crewmembers to avoid the hazards of 
decompression A microprocessor- 
based physiologic instrument has 
been developed to provide a bedside 
arrhythmia monitor The system is 
capable of receiving electrocar- 
diographic input from a human subject 
and categorizing each beat as normal 
or abnormal The system does not 
replace the need for a human monitor. 


but It does provide precise quantita- 
tion and data storage A maior tech- 
nology effort to apply Image Enhance- 
ment techniques to evaluate damage 
to human cells was completed during 
fiscal year 1981 This technique will 
enable scientists to examine and 
quantitate heretofore undetectable 
cellular changes 

Activities in technology develop 
ment include the following 

1 An anthropometric measure- 
ment system incorporating a com- 
puter-aided design system has been 
developed for designing work stations 
and living quarters lor use in space 
Design problems previously requiring 
expensive mock-ups can be avoided 
by using this system that can access 
descriptions of the astronaut popula- 
tion and make them available to 
design engineering from the prelimin- 
ary design stage to final stages 


2 Six Degree -of -Freedom Hand 
Controller - feasibility of testing is un- 
derway for the development of a six- 
degree -of -freedom hand controller 
system Previously, spacecraft 
crewmembers had to use two three 
degree of -freedom controllers that re- 
quired the use of both hands to oper- 
ate The new six-degree-of-freedom 
controller will free one hand for other 
necessary operations 

3 Wash Water Renovation • a 
breadboard system has been 
developed and tested to renovate 
used wash water for long-duration 
missions, thereby minimizing the 
water storage requirement 

4. Biocidal Ion Exchange • a bioci- 
dal ion exchange system has been 
developed to provide positive control 
of microorganisms in spacecraft pota- 
ble water systems without the involve- 
ment of crewmembers 


Figure 5 — Cell imege enhancement 
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Office of Significant Tasks 

Space Sciences 


61 Cosmic Dust Collection 

Funded By: Planetary Materials (UPN-152) 

Technical Monitor: U. S, Clanton/SN6 

Task Performed by: Lyndon B. Johnson Space Center 

62 Evidence About The Early Earth’s Crust 

Funded By: Planetary Materials (UPN-1 52) 

Technical Monitor: L. A. Nyquist/SN7 
Task Performed by: Lockheed Engineering and Management 
Services Company, Inc. 

Contract NAS 0-1 5800 

63 Shock Induced Melting in Dense Verus Porous Media 

Funded By: Planetary Geochemistry and Geophysics (UPN-153) 

Technical Monitor: F. Horz/SN6 

Task Performed by: Lyndon B. Johnson Space Center 

64 A New Mode) for the Origin of Chondrites 

Funded By; Planetary Geochemistry and Geophysics (UPN-1 53) 

Technical Monitor: H, A. Zook/SN6 

Task Performed by: Lyndon B, Johnson Space Center 

65 Metamorphic Petrology in Archean Supracrustals 

Funded by: Planetary Geochemistry and Geophysics (UPN-1 53) 

Technical Monitor: J. L, Warner/SN7 

Task Performed by: Lyndon B. Johnson Space Center 

66 Spectra of Minerals and Planetary Remote Sensing 

Funded by: Planetary Geochemistry and Geophysics (UPN-153) 

Technical Monitor: W, W, Mendell/SN6 

Task Performed by: Lyndon B. Johnson Space Center 

68 JSC Extraterrestrial Microanaiytical Facility 

Funded by: Planetary Instrument Development (UPN-1 57) 

Technical Monitor: C. Meyer/SN7 

Task Performed by: Lyndon B. Johnson Space Center 

69 Experimental Trace Element Geochemistry 

Funded by; Planetary Geochemistry and Geophysics (UPN-153) 

Technical Monitor: G. A, McKay/SN7 

Task Performed by: Lyndon B. Johnson Space Center 


70 Medical Information Systems 

Funded by: Life Sciences (UPN-1 99) 

Technical Monitor; E. C. Moseley/SD 
Task Performed by; Ford Aerospace and Communications 
Corporation 
Contract NAS 9-15014 

71 Decompression Hazards in Space Crews 

Funded by: Life Sciences (UPN-1 99) 

Technical Monitor; D. J. Horrigan/SD3 
Task Performed by: USAF - School of Aviation Medicine 
Contract T-82170 

72 Image Enhancement Techniques Used to Evaluate Damage 
to Human Cells 

Funded by: Life Sciences (UPN-1 99) 

Technical Monitor; G. R. Taylor/SD4 
Task Performed by: Northrop Services, Inc, 

Contract NAS 9-15425 

73 Biocidal Ion Exchange 

Funded by: Life Sciences (UPN-1 99) 

Technical Monitor; R. L. S£iuer/SE3 
Task Performed by; UMPGUA Research Company 
Contract NAS 9-15709 

74 Water Recovery System for Spacecraft 

Funded by: Life Sciences (UPN-1 99) 

Technical Monitor: H. E, Winkler/EC3 
Task Performed by; Hamilton Standard 

Contract NAS 9-15471 

75 Six-Degree-of-Freedom-Hand Controller 

Funded by: Life Sciences (UPN-1 99) 

Technical Monitor: M, M. Thomas/EW5 

Task Performed by: Lyndon B. Johnson Space Center 


76 Anthropometric Measurement System 

i'unded by: U(q Sciences (UPN-199) 

Technical Monitor: 9. Woolford/EW6 
Task Performed by; Southwest Research Institute 
Contract NAS 9-16158 

7/ Microprocessor Based Physiologic Instrumentation 

Funded by: Life Sciences (UPN-199) 

Technical Monitor: M. W. Bungo/SD3 
Task Performed by. Beth Israel Hospital 

Contract NAS 9-14618 

78 Regenerable Carbon Dioxide ^C02) Removal for 
Portable Life Support Systems 

Funded by; Life Sciences (UPN-1 99) 

Technical Monitor: N. Lance/EC3 
Task Performed by; Life Systems, Inc. 

Contract NAS 9-15218 
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Cotmic Oust Collection 

Although scientists have been trying 
to collect extraterrestrial particles in 
the atrrx)sphere for many years by 
using sounding rockets and balloons. 
It has been demonstrated that aircraft, 
flying above 60 000-feet (20 km) 
altitude, can collect sufficient quan- 
tities of extraterrestrial particles to 
warrant a sencxjs scientific program At 
this altitude the incoming extrater- 
restrial particles are slowed (50 
particle has a 1 9 cm/sec fall velocity at 
20 km altitude) and concentrated ( 1 0 
X 10'^ particles/m’) making it possi- 
ble for high altitude aircraft to en- 
counter approximately 0 2 parti- 
cle/m-’/sec (size >4 ^m diameter) 
Some of these particles may be 
altered by heating durinq the entry 
process as they slow down Particles 
between 5 and 100 micrometers en- 
tering at 15 km/sec may reach tem- 
peratures between 500* to 1000° C. 
but only for a few seconds For- 
tunately. rrxTSt particles do not ex- 
perience the melting and vaporization 
that occurs with the larger meteoroids 

Although particles collected from 
the stratosphere include sulfate aero- 
sols fcxmed in the stratosphere, rocket 
exhaust, material uplifted from large 
volcanic eruptions, and debris ablated 
from meteoroids, in additon ‘o pristine 
and altered cosmic dust, it has not 
been to difficult to recognize cosmic 
dust because it apparently predomi- 
nates in the >l0-micrometer size 
range It is more difficult to recognize 
in the < 10-micrometer size because 
rocket exhaust predominates between 
the 1- to 8-micrometer size, and 
stratospheric aerosols (sulfates) pre- 
dominate below 1 micrometer 

The rrxxphology of cosmic dust is 
diverse and includes fluffy aggregates, 
dense mineral grains, spheres, 
platelets, crystals, etc Sufficient 
quantities have been analyzed to 
recognize five different groups based 
upon elemental and mineral composi- 
tion 

1 Chondritic aggregate — These 
particles are the predominating type 
and consist principally of many sub- 
micron crystals in aggregate form 
Each aggregate has a typical elemen- 
tal content of iron, magnesium, silicon, 
carbon, sulfur, calcium, and nickel in 
d» reasing abundance The minerals 
luentified in this group are olivine. 


enstatite. magnetite, pyrrhotije. and a 
hydrated silicate having a 7A d-spac- 
ing The chondritic aggregates are so 
named because their elemental con- 
tent IS very similar to the bu'k com- 
position of type Cl carbonaceous 
chondrites (a group of primitive 
meteorites that best represent solar 
system abundances of the elements) 

2 FSN — These particles occur as 
spheres, platelets, octahedra. and ir- 
regular crystals Each has a typical 
elemental content of iron, nickel, and 
sulfur The minerals commonly iden- 
tified in this group are magnetite, 
troilite. and pentlandite 

3 Mafic silicates — These parti- 
cles occur as single dense crystal 
grains with a typical elemental content 
of magnesium, iron, silicon, calcium, 
and chromium. The minerals com- 
monly identified in this group include 
olivine and pyroxene 

4 Iron-nickel — these particles 
occur as spheres and irregular crystals 
whose elemental content is typically 
iron, nickel, and sulfur The sulfur con- 
tent IS low and no sulfide minerals 
have been identified, although taenite 
and wustite (product of ablafion pro- 
cesses faind in spheres) are common 

5 Others — This category is for 
particles with unusual textures and 
shapes. Some of these particles have 
nickel, iron mounds adhering to a 
mafic silicate or chondritic aggiegate 
particle 


Although limited quantitive analysis 
shows that much of the cosmic dust 
material resembles the volatile-rich 
type Cl carbonaceous chondrites, a 
small fraction, perhaps 10 percent, ap- 
pears to have no known meteorite 
analog 

Johnson Space Center has begun a 
systematic collection and curation of 
cosmic dust Collecti is are made at 
60(X)0 feet by mea s of two pylons 
holding four collectors each mounted 
under the wing of a WB57F airplane. 
At 60(XX)-feet altitude the impactor 
plates are extended into the ambient 
airstream with the collection surface 
normal to the air flow To prevent parti- 
cle bounce off. the impactor plates are 
coated with a film of 5 by 10' cen- 
tistokes silicone oil When not collect- 
ing, the impactor is shielded by a 
canister to prevent contamination All 
handling and preparation of the col- 
lection surfaces is in a class 100 
laminar flow clean tunnel Samples 
will be available tor investigators 
beginning in January of 1 982. 


Figure 1 — Photomicrographs obtained with a scanning electron microscope of two cosmic 
dust particles Particle 0034 is a chondritic aggregate Particle 0035 is a FSN crystal fragment 
Scale bar IS 1 0 «im long 
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Evidence About the Early Earth’s 
Crust 

The earJiest planetary developmenl of 
the Earth is largely a mystery because 
no rocks have been found that were 
created during the first 0.6 AE {1 AE 
10-’ years) of Earth history. In fact, 
rocks dating from the first 1 .5 AE of 
Earth history are relatively rare. The 
paucity of these oldest terrestrial rocks 
can in general be attributed to the 
numerous geologic processes that 
have been active on the Earth 
throughout its history that either 
destroy or greatly modify any rocks in 
the Earth's crust. Much information 
about the early Earth, however, can 
only be obtained by careful examina' 
tion of the rocks created during its first 
1.6 AE of development. During the last 
10 years, in an effort that was greatly 
stimulated by finding 4.5 to 3.9 AE old 
crust on the Moon, the older crustal 
sections of the Earth have been 
searched for the remains of the 
earliest terrestrial rocks. One of the 
areas that has been investigated is the 
Beartooth Mountains which are lo- 
cated along the Montana-Wyoming 
border just north of Yellowstone Na- 
tional Park. 


Figure 1 — Rb-Sr sysioniallcs o( the oldest 
IdonlKiod Beartooth rooks. The approximate 
3.3S-AE age of those may represent the 
time of their origin and/or the time of a high 
grade melamorphlo event. The scatter of 
some of the data away from the 3.35-AE lino 
is interpreted ns the result of the 2.8-AE 
Beartooth Intrusivo-motnrnorphic event. 
Samples from a single outcrop on Hellroar- 
ing Plateau (triangles) appear to have boon 
rohomogonlzed at about 2.8 AE and show 
an elevated initial Sr ratio. 


Recent geochemical and 
geochronological investigations of the 
Beartooth Mountains have revealed 
that the dominant rock types are 
several series of tonalilic to granitic in* 
struives that-were emplaced 2.8 to 3.0 
AE ago. The volume of rock emplaced 
between 2.8 to 3.0 AE ago was so 
great that the pre-existing crustal 
rocks in the Beartooth area were left os 
only widely separated remnants. 
These remnants vary from less than a 
meter to a few kilometers in size. The 
types of rocks found in these remnants 
or inclusions are quite variable and in- 
clude quartzite, ironstone, meta* 
graywacke. amphibolite, schist, and 
metamorphosed felsic volcanic, and 
volcaniclastic rocks. All these rocks 
show the effects of a much more com- 
plicated metamorphic and deforma- 
tional history than the 2.8 to 3.0 AE old 
intrusive granitic rocks. The 2.8 to 3.0 
AE rocks have experienced variable 
grades of metamorphism but no higher 
grade than lower amphibolite facies. 
Recent petrologic work on the older 
crustal inclusions indicate that they 
have experienced an upper 
amphibolite-granulite grade 
metamorphic event that occurred at 6 
to 8 kllobars of pressure. Since the 
rock types found In these inclusions 
require an origin on or close to the 
Earth's surface as sediments or 
volcanics, then at some time before 
2.8 AE ago, these rocks must have 
been transported from the surface to 
depths of 20 to 25 kilometers in the 
lower crust. 

Rubidium/strontium dating of these 
older inclusions indicate that they are 
a minimum of 3.35 AE old (fig. 1 ). This 
age is supported by samarium/ 
neodymium model ages of 3.33 to 


3 45 Af; Ih(’ mterprotation of the 
rubidiumAstroirlium and samarium/ 
neodymium isotopic data is difficult 
because thosi' rorrks have ex- 
perienced a ci>mplicated geologic 
iMSlory involving .it least two and pro- 
bably throe periiids of deformation, 
metamorphism, or intrusion. On an 
outcrop scale, some of the inclusions 
had their rubidium/slrontium 
syslemntics either reset or 
rehomogent/ed at about 2,8 AE ago 
(fig. 1). The present interpretation of 
data IS that about 3.35 AE is the time 
of the upper amphibolite-granulite 
metamorphism or the formation age of 
the original voloamC'Sedimentary as- 
semblage, The timing of these two 
events may not differ by more than 
0.05 AE and therefore not be resolva- 
ble with the strontium and neodymium 
isotopic data available now. The initial 
strontium ratio of 0. 700 at 3.35 AE sug- 
gests that those rocks are not signifi- 
cantly older than 3.35 AE or that 
radiogenic " Sr was lost at that lime 
(this reay bo possible during granulite 
facies event ). 

The minimum age of 3.35 AE for these 
rocks makes them the oldest rocks 
presently identified in the western 
United Slates Preoambrinn terrain. 
They are among the oldest rocks 
known in North America being ex- 
ceeded in age only by the 3.6 to 3,8 
AE old rucks of Greenland and 
Labrador and the 3.5 to 3.6 AE old 
rocks of the Minnesota River Valley. If 
the 3.35 AE ago is a formation age, it 
would indicate that crustal growth dur- 
ing the 3.8 to 2.6 AE period was con- 
tinuous rather than episodic. The 
geochemistry of the oldest Beartooth 
rocks IS poorly known at present but is 
sufficient to show that highly evolved 
granitic rocks are present with trace 
element patterns more like those of 
modern island arc rocks than those of 
the typical low potassium, silicic, early 
Precambnan rocks. The tectonic sel- 
ling of the oldest Beartooth rocks is 
unknown but requires shallow seas 
and mixed mafic and felsic volcanism. 
The Beartooth rocks also indicate that 
the planetary scale processes operat- 
ing on the Earth L-wiOre 3.0 AE ago 
were highly evolved, capable of pro- 
ducing a wide range of rock types, and 
generally capable of producing 
geologic environments similar to those 
that exist today. 
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Shock Induced Melting In Dense 
Versus Porous Media 

During meteoriU? inipaci occur'/ing vir 
lually on every plane! surface photo- 
graphed. the kinelie energy of the im- 
pact us transferred into n shock wave 
ttiat engulfs the entire rnoleorite and 
propagates into the planet’s surface. 
Generated and associated peak pres- 
sures increase in internal energy of a 
given meteorite volume are a strong 
function of impact velocity as well as 
density contrast between planet and 
meteorite materials, Natural impacts in 
the inner solar system have typical en- 
counter velocities between 15 and 25 
kilometors-SGCond, that are sutficienl 
to ioni?o. vaporize, and melt fractions 
of the excavated crater. From theoreti- 
cal arguments about and practical ex- 
perience gathered from nuclear or 
chemical explosions, it is known that 
overall shock attenuation and deposi- 
tion of thermal energy is a strong func- 
tion of target porosity, Much energy is 
expended in closing the void space 
and collapsing pores. Consider in 
detail the interface of a solid gram and 
a void space: shockwave reflects at 
the grain's free surface(s) and may 
reverberate multiple times In a single 
gram, the gram finally fails, and its 
fragments fill the pore space. The 
target will b'e at elevated temperature 
by the time an initially porous 
meteorite is compressed to its zero- 
porosily density Duo to highly 
localized stress concentrations (or 
lack thereof), thermal energy distribu- 
tion IS highly heterogeneous because 
of detailed gram-gram boundaries and 
gram-void geometries. Melting is initi- 
ated at such gram boundaries with 
relative ease. This melt concept was 
used by industry to sinter metal 
powders into specific shapes such as 
gears, 


Little experimental data on the shock 
behavior of dense versus porous rocks 
exist. However, planetary surfaces are 
often composed of porous, fragmental 
materials, such os chaotic impact 
ejecta of the lunar soil. Therefore, a 
dense, nonporous lunaf basalt was 
Subjected m the laboratory (o max- 
imum shock ballistic stresses of 80 
gigapascals (IGPa a io Khars « 1.5 
X 1 0^ psi). A complimentary series of 
experiments were conducted employ- 
ing powders of various identical basalt 
gram sizes. Production of melt, iden- 
tified in petrographic ihin section, as a 
function of stiock pressure is iKus- 
trated in figure 1 . The onset of melting 
requires less shock pressure in the 
porous materials. At any given pres- 
sure, significantly more melt is present 
in the porous targets, and there seems 
to be little effect of absolute grain size. 


These data wilt be useful in under- 
standing the evolution of planetary im- 
pact deposits and their impact melt 
contents. The experiments demon- 
strate that lunar impact melts require 
collision velocities in excess of 3 
km/sec, even m porous lunar soil. This, 
in turn, rules out the formation of im- 
pact melts by secondary impacts of 
ballistic crater ejecta, because ejecta 
velocities must bo less than the lunar 
escape velocity (<2.2 km/sec). 


Figure 1 Production ot molt, idontilied in pelrogrnphlc Ihiii section, as a (unction o( shock 
pressure. 



OSS 63 



A New Model for the Origin of 
Chondrites 

Near the end of the eighteenth cen- 
tury, a positive connection was made 
between certain atmospheric fireball 
phenomena and some rather peculiar 
iron or stone objects that were occa- 
sionally observed nearby. These solid 
objects hod been picked from the 
ground shortly after, and close to, the 
occurrence of the associated fireballs. 
These space-derived objects are now 
colled "meteorites" after the shooting 
star or "meteor" phenomena associ- 
ated with them. 

Because some of the meteorites 
were of nearly pure nickel-iron com- 
position. It was tfiought that they might 
be fragments from the metallic core of 
some previously broken-up planet. 
Some of the stony meteorites dis- 
played evidence that they had been 
derived via fractional crystallization 
from a molten silicate liquid. This evi- 
dence was also consistent with 
derivation from a fragmented planet. 
The general view that many 
meteorites originate as pieces of frag- 
mented planets continues to be 
widely accepted today. The main un- 
certainties concern the size of the 
planet(s) tor planetoids) involved and 
the dynamics of the fragmentation 
process, 

A particularly interesting class of 
meteorites are the "chondrites." 
Nearly all members of this class of 
meteorites contain numerous small, 
spheroidal bodies called "chon- 
drules.” It is the chondrules (which 
range from 0,1 to 5 millimeters in 
diameter) that gave rise to the name of 
this meteorite class. Chondrites refjre- 
sent about 85 percent of all meteorites 
actually observed to fall. The origin of 
the chondrules, however, and the 
mode of their assemblage, together 
with some fine grained materials into 
the chondrite parent bodies, continues 
to remain a matter of much theorizing 
and speculation, 

A major feature of chondrites re- 
quiring explanation is the voluminous 
evidence that nearly all of the 
chondrules were once isolated, hot, 
molten dropiets of silicate liquid. Ne- 
ary all known theories of chondrule for- 
mation include, as their centerpiece, 
an explanation of this feature. These 
theories include: (1) condensation of 
nebular gases directly to silicate liquid 


dfoplels; (2) melting of isolated dust 
balls by lightning bolts in the early 
nebula: (3) planetary volcanic fire 
fountaining creating glassy spherules; 

(4) impact shock melting and dispers- 
ing of silicate solids caused when 
planets, planetoids, or dust balls 
mutually collide at very high velocities: 

(5) melting of nebular dust balls via 
heating from the surrounding, 
adiabaticaly collapsing, local nebula: 

(6) melting of dust bails caused by a 
sudden melastable-to*slable chemi- 
cal transformation: (7) melting of dust 
balls via magnetohydrodynamic 
effects in the early solar system. A 
number of variations of the above 
theories have been revealed. 

Problems remain with each of the 
above theories. Some require high 
early solar system nebular pressures 
and temperatures that cause most 
astrophysicists an uncomfortable feel- 
ing. Others have ditficulty explaining 
the high volume fraction of chondrules 
(up to about 70 percent). And some do 
not lead naturally to the observed 
chondrule chemistry. 

A new model for chondrite formation 
has been defined at the Johnson 
Space Center. The model contains the 
following assumptions. 

1. That, very early in the solar- 
system-formation process, large num- 
bers ol planetoids a few kilometers in 
diameter had already formed 

2. That the interiors of many, if not 
most, of these planetoids were very 
hot and were molten 

3. That the mutual collision rate 
between these planetoids was high 

4. That each collision gave rise to 
both fragmental debris and to 
numerous small molten droplets (see 
fig. 1) that then quickly cooled to 
become chondrules 

5. That the chondrules and other 
collision debris reaccreted to form the 
parent bodies of chondrites. Later 
fragmentation of these parent bodies 
produced the chondrite meteorites 
that we now observe. 

A model, or theory, of chondrite for- 
mation serves two purposes. One is 
that it represents an exercise, in im- 
agination, to devise a scenario of a 
group of processes that could have 
been at work to form the chondrites 
that we now observe. Such a scenario 
should not. of course, be strongly con- 
tradicted by actual observations on 


meteorites. A successful scenario, 
therefore, represents our best present 
view as to what was occurring very 
near to the time of origin of the solar 
system. The second purpose served 
by a good model is that it will usually 
predict certain experimental conse- 
quences that are not yet observed. 
Thus, a model stimulates new experi- 
menlRf meteorite research to test the 
model. 

The model of mutually colliding, partly 
molten, planetoids leads naturally to 
the formation of molten silicate 
droplets that cool relatively quickly, to 
a high volume fraction of chondrules 
relative to other fragmental debris, and 
to certain other observed chondrite 
features, Some expectations of this 
model are continuing to be explored. 
The importance of the Iriteraction be- 
tween theory and experiment in test- 
ing this model can hardly be overs- 
tated. 


Figure 1. — A schematic representation of a 
collision in Interplanetary space between 
two Internally melted planetoids. 
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Metamorphlc Petrology In 
Archean Supracruatala 

Knowledge of the chemical and 
petrologic development of some of the 
oldest terrestrial continental crust can 
greatly improve the understanding of 
processes which took place during the 
early evolution of the earth An area 
that has promised to yield such infor- 
mation IS the Archean terrain of the 
Beartooth Mountains of Montana and 
Wyoming 

The Beartooth Mountains represent 
one of several Precambnan basement 
blocks which were uplifted during the 
Laramide orogeny (60 million years 
ago) exposing a terrain composed pri- 
marily of granitic and tonalitic 
gneisses, migmatites. and lesser 
a.Txxjnts of supracrustal lithologies It 
IS the supracrustal lithologies that 
have the greatest potential for provid- 
ing information on the history and 
development of this Archean terrain. 
The supracrustal lithologies from 
several areas in the eastern Beartooth 
Mountains have been examined, 
however, most of the initial work has 
been directed toward the 
supracrustals of the Quad Creek area 

The Quad Creek area contains 
supracrustal lithologies including 
ironstone, quartzite, metavolcanic. 
pelitic and semipolitic schist, and 
meta-ultramafic which are in fault con- 
tact with the surrounding 2800- 
million-year-old granites and trond- 
jhemitic gneisses The mineral assem- 
blages present in these lithologies are 
consistent with lower granulite grade 
metamorphism These assemblages 
include hypersthene + clinopyroxene 
♦ almandine + hornblende (meta- 
ironstone), hypersthene + 
hornblende + biotite -f almandine 
(fig 1) (metavolcanic). cordierite + 
sillimanite biotite (metapehte). 
biotite -f almandine hornblende 
(semipelife). and enstatite olivine 
f hornblende (meta-ultramafic). Tex- 
tural information suggests that these 
rocks may be polymetamorphic with 
granulite grade assemblages being 
preserved in most samples Careful 
application of several mineial geother- 
mometers indicate that the granulite 
grade metamorphism took place at 
650° to 750° C with some minor ree- 
quilibration during a subsequent 
amphibolite grade metamorphism at 
"t600° C Several geobarometers in- 


dicate that the pressure of the gra- 
nulite grade metamorphism was 5 to 7 
kilobars 

Rubidium/strontium whole rock 
isotopic data for the supracrustal rocks 
indicate an age of 13400 million 
years with an initial ‘'Sr/^Sr ratio (R,) 
of 0 700 This age and R, suggest little 
isotopic disturbance since the time 
the granulite assemblages formed 
Because of the pervasiveness of the 
granulite grade metamorphic assem- 
blages in those rocks, the 3400- 
million-year age can be reasonably 
taken as the time of the granulite 
grade metamoiphism This is the 
oldest documented granulite facies 
assemblage in the Wyoming Pro’/ince 
and suggests a geothermal gradient of 
40° to 50° C/km during the early 
Archean in this area 


These initial findings are important 
because they indicate that the early 
continental crust was relatively thick 
(greater than 16 km) in this area A 
thick contiPontal crust will have major 
implications on the style of tectonics 
early in the Earth's history Further 
refinements of early crustal rrxxlels 
can be made as more in'ormation is 
obtained from these early Archean 
rocks 


Figure 1 — Photomicrograph of a metavolcanic with the diagnostic granulite assemblage hy- 
persthene -f hornblende -f ala.naridine -t- plagioclase -f quartz 
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Spectra of Minerals and Plane* 
tary Remote Sensing 

The exciting photographs returned to 
Earth by spacecraft exploring the solar 
system are examples of one type of in- 
formation obtained by utilizing 
reflected sunlight from a planetary sur- 
face. The spectrum of the reflected 
sunlight also can yield compositional 
information. This latter resource has 
been exploited through a collaboration 
among geologists and astronomers 
over the past decade. 

Sunlight can be absorbed preferen- 
tially at certain wavelength by com- 
mon rock- forming minerals found in 
basalts. The key to the absorption is 
the content of the transition metals, 
iron and titanium. The wavelength 
position and the intensity of the 
spectral bands Is determined by the 
kind of transition metal, its valence 
state, and its molecular environment in 
the crystal lattice. 


Reflectance spectra taken of the Moon 
and of Mars were examined first for 
these effects. Both planets exhibited 
subtle absorption features that could 
be correlated with bands found in 
laboratory samples. Then the 
spectrum of lunar soil returned by 
Apollo 11 was found to match 
telescopic measurements of the land- 
ing site at Tranquillity Base. An ab- 
sorption band at a wavelength of ap- 
proximately 1 micrometer was traced 
to the mineral clinopyroxene as pre- 
dicted from the astronomical data. 

The success of the lunar observa- 
tions generated an explosion of scien- 
tific activity which continues to the 
present day. Improvements in observ- 
ing techniques have permitted reliable 
detection of ever more subtle features 
in the spectra, and Ihe new data have 
encouraged more detailed laboratory 
studies. Planetary astronomers 
specializing in lunar spectrophotome- 
try can map such geologic parameters 
as clinopyroxene abundance, olivine 
content, titanium dioxide percentage, 
and soil maturity from Earth-based 
telescopes. Observations of Mars, the 
asteroids, and satellites in the outer 
solar system are multiplying. These 
new spectra are not as well under- 
stood as the lunar data, but many 
features have been Identified. 

Progress in this field has come from 
the interaction between astronomical 
observation and laboratory experiment 
with very little recourse to the theory of 
diffuse reflectance. As experimental 
sensitivity increases, previously 
neglected second order processes 
become delectable and must be taken 
into account in the data reduction. The 
effects of Fresnel reflection, particle 
size variation, and changes in obser- 
vation phase angle must be studied by 
a combination of theory and experi- 
ment. 

Particle size effects have been ex- 
plored by application of diffuse reflec- 
tance theory to the spectrum of an 
orlhopyroxene powder where the par- 
ticle sizes fall into a narrow range. 
Using equations from the Kubelka- 
Munk theory, the reflectance at each 
wavelength was converted to a ratio of 
the bulk absorption coefficient of Ihe 
powder to the bulk scattering coeffi- 
cient. This ratio is called the remission 
function. To a first approximation, the 
magnitude of the scattering coefficient 
can be assumed to correlate with par- 


ticle size and to be independent of the 
wavelength of the scattered light. 
Thus, the wavelength dependence of 
the remission function is attributed to 
the bulk absorption coefficient. New 
remission functions can be calculated 
from the experimental result by chang- 
ing the magnitude of the scattering 
coefficient by a constant factor along 
the spectrum. The Kubelka-Munk 
transformation can be applied to the 
remission functions to create a .suite of 
reflectance spectra that represent the 
effects of particle Jilze on the 
spectrum. Figure 1 (a) shows the 
model or the pyroxene spectra. The 
curves have been normalized to unity 
at a wavelength of 1 .02 micrometers to 
emphasize changes in the absorption 
band structure. Figure 1 (b) is a 
similarly normalized set of experimen- 
tal spectra from various particle size 
fractions of an enslalite. The remarka- 
ble similarity between the two sets 
demonstrates the predictive power of 
this simple theory. 

In a further elaboration, the scatter- 
ing coefficient was assumed to exhibit 
a power law dependence on 
wavelength. As the exponent is varied 
from 0 (wavelength independent) to 
A4 (Rayleigh scattering), the 
spectrum of the orlhopyroxene 
develops a negative slope with 
wavelength. The near infrared 
spectrum of the dark regions of Mars 
also shows a negative slope. The 
feature Initially puzzled planelologisls 
who had not seen such behavior in 
lunar spectra. The infrared falloff has 
been reproduced using particles of 
basalt with oxidized coatings. The 
model spectra provide a caveat 
against overinterpretation of the ex- 
perimental data, The negative slope is 
consistent with wavelength depen- 
dent scattering, a phenomenon that 
can be produced by a variety of 
mechanisms. 

As planetary surfaces are observed 
at longer infrared wavelengths, the 
energy available from reflected 
sunlight diminishes, and the planet's 
own thermal radiation becomes detec- 
table. At the longest wavelengths, all 
of the detected radiation is emitted by 
the planetary surface. For the Moon at 
the subsolar point, radiant energy from 
the two regimes becomes equal at a 
wavelength of approximately 3 
micrometers. Here, the term "thermal 
infrared" will be used to describe ra- 
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dianl energy at wavelengths longer 
than approximately 6 micrometers. 

All common rock forming minerals 
possess significant absorption bands 
in the thermal infrared. The spectral 
structure arises from molecular vibra- 
tions in the crystal lattice of the 
mineral. Since the vibrational 
spectrum does not require special 
compositions, the thermal Infrared 
spectrum is inherently richer In diag- 
nostic mtneralogic information than 
the visible. Nevertheless, successful 
exploitation of infrared remote sensing 
has been precluded by two kinds of 
experimental difficulties. 

The first problem is associated with 
the intrinsic particulate structure of 
most planetary surfaces. The upper- 
most surface particles, which emit the 
detected radiation, tend to be approx- 
imately the same size as the 
wavelength of that radiation. The 
natural vibrations of the lattice 
molecules are affected by acoustic 


vibrational modes of the particle as a 
whole, and the resultant emission 
spectrum changes subtly from the 
"pure" spectrum of the perfect crystal. 
The emission spectrum is also altered 
by the presence of nearby particles in 
a complex electromagnetic interac- 
tion. Particle size effects, nearest 
neighbor interactions, and thermal 
gradients in ihe particulate layer all 
combine to broaden infrared bands 
and reduce the spectral contrast. 

Interpretation of thermal emission 
spectra has been difficult. The prob- 
lem has encouraged intense theoreti- 
cal development, in contrast to the 
situation in the field of reflectance 
spectroscopy. The theoretical models 
are not yet entirely satisfactory, but a 
current infusion of concepts from solid 
stale physics has generated optimism. 

The second experimental problem 
is the difficulty of obtaining good ob- 
servational data from Earth-based 


telescopes. The terrestrial atmosphere 
has only a few ’’windows" of 
transparency in the thermal infrared. 
Additionally, the low spectral contrast 
of the thermal-emission spectrum re- 
quires observational data with a very 
high signal-to-noise ratio. Attempts to 
measure the lunar infrared spectrum 
from high altitude balloons or from 
ground-based observatories have met 
v/ith only limited success. Recently, a 
rapid scan Michelson interferometer 
has been used to obtain spectra with a 
500 to 1 signal-to-noise ratio on photo- 
metric nights. Although only a small 
number of spectra have been col- 
lected to date (fig. 2), spectral struc- 
ture IS clearly seen, and there is real 
promise for learning more about the 
mineralogy of the Moon's unexplored 
regions. 


Figure I •— RodocUince spectra normalized to unity at a wavelength of 
1 02 micrometers (a) The curve labeled c>/c 10 Is experimental 
data for an orthopyroxono. the rest were calculated (rom it by using 
Kubolka-Munk theory tb) Experimental spectra (or four sieve fractions 
of onslatito 


Figure 2 Comparison of calculated feldspar ratio spectrum with an 
observed Tycho ratio spectrum in the thermal infrared 
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JSC Extraterrestrial 
Microanalytical Facility 

Since the Apollo lunar landing mis- 
sions, great emphasis has been 
placed on the analysis of lunar sam- 
ples. Broad scope but state-of-^ne-art 
capabilities have been established in 
the areas of analytical geochemical In- 
strumentation for these purposes. One 
has been the direct application of the 
lon-microprobe technique by usrng a 
modified commercial ion-microprobe 
mass analyzer. 

Recently, samples of meteorites 
and cosmic dust particles have 
become important to this laboratory. 
Ion-microprobe instrumentation of in- 
creased resolution and sensitivity are 
required for planned scientific in- 
vestigations in at least six general 
areas. 

1. Age determination of small 
rocklets from lunar soils and breccias. 
These include pieces of the original 
lunar crust. 

2. Age determination of clasts in 
brecciated meteorites, which are 
thought to be samples of asteroids. 

3. Trace element analysis of 
stratispheric dust, which is thought to 
contain pieces of comets. 

4. Isotopic analysis of lithium, 
magnesium, calcium, titanium, 
barium, and other elements in small 
refractory inclusions in primitive 
meteorites. The inclusions are thought 
to be presolar grains. 


5. Elemental and isotopic analysis 
of surface coatings of micromeleorite 
craters on the surface of artificial 
satellites returned by Space Shuttle. 

6. Experimental determination of 
distribution coefficients for trace ele- 
ments between silicate phases and 
melts. The results of the laboratory ex- 
periments are used to interpret com- 
positions of basalts and the interiors of 
many planetary systems. 

Microscopic analyses of geological 
specimens using ion probes represent 
an advanced, still evolving, analytical 
technique. Fundamentally, an area of 
a few microns in an area of a geologic 
samples is bombarded with acceler- 
ated, focused (primary beam) ions. 
Sample atoms are ionized and sput- 
tered from the target resulting in an 
electro-magnetically focused second- 
ary ion beam. A mass spectrometer 
then analyzes the secondary beam ac- 
cording to charge-to-mass ratio for 
counting by an ion detection system. 
Ion probes are 1 0 to 1 00 times more 
sensitive than electron microprobes 
used for similar studies, instrumentally 
difficult areas in the development of 
ion probes include precise control of 
the electric and magnetic fields used 
to focus and steer the primary and 
secondary ion beams, and the ion dis- 
crimination and counting system.s. For 
the past several years, JSC has suc- 
cessfully operated a commercial ion 
probe. During this period, both useful 


Figure 1. — Schomatic o( ion optics for the ion microprobe 
mass anaiyzer. 
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scientific results and ion probe 
engineering Improvements have been 
accomplished by JSC and visitors from 
other institutions. 

This research team has now estab- 
lished technical specifications for an 
improved ion probe system for the JSC 
Microanalytical Laboratory. A new in- 
strument that IS properly configured, 
adjusted, and operated should provide 
more than an order of magnitude im- 
provement in resolving power — the 
ability to distinguish closely-spaced 
ionic species in the secondary beam. 
The spot size will be as small as 3 
microns or as large as several hundred 
microns. Depth resolution during 
depth profiling should be as good as 

0.2 microns. Detection limits on small 
spots (i.e.. ‘M 0 urn) must be lower than 
1 part per million for elements that are 
easy to ionize (e.g.. lithium, mag- 
nesium, calcium), and Isotopic 
analysis should be as precise as 1 part 
per thousand. 

Unique capabilities of the required in- 
strument Include the following: 

1. Direct Ion imaging with high 
spatial resolution 

2. High transmission combined 
with high mass resolving power 

3. Energy filterir'-q to suppress 
molecular-ion interferences 

4. Surface analysis and depth 
profiling 

5. Ultrahigh vacuum operation 

6. Ultrastable electronics for 
routine operation at high resolving 
power. 

7. Versatile, computer-controlled 
data collection 

8. Reproducible and uniform inten- 
sity ratios from anywhere on the 
homogeneous sample with less than 
± 0.1 percent variation. 


TABLE 1.— ANALYTICAL 
SPECIFICATIONS FOR THE ION 
MICROPROBE MASS 
ANALYZER. 

ton Beam: ’®0”at15KeV 

Spot size: 3 to 300 microns 

Spatial resolution: 0.5 microns 
Depth resolution: 0.2 microns 
Mass resolution: up to 1 5,000 

Unique capability: Direct ion images, 
Energy filtering, 
High transmission. 
Stable electronics 



Experimental Trace Element 
Geochemistry 

Igneous processes involving the pro- 
duction, migration, and crystallization 
of silicate melts are known to have 
been important in the formation of 
planetary crusts on Earth, the Moon, 
Mars, and some meteorite parent 
planets, and probably were important 
on Mercury and Venus as well. Such 
processes leave distinctive signatures 
in the chemical and isotopic composi- 
tions of the rocks they produce. One of 
the goals of planetary geochemists is 
to try to reconstruct the history of these 
processes by deciphering the chemi- 
cal signatures found in rocks from 
planetary crusts. Some particularly 
useful signatures are carried in the 
abundances of elements that are pre- 
sent in most rocks in concentrations of 
a few hundred parts per million or less. 
The abundances of these "trace” ele- 
ments are strongly influenced by their 
"partitioning" between silicate melts 
and rock-forming minerals in contact 
with these melts. Some trace ele- 
ments may be preferentially incorpor- 
ated into one mineral, others into 
another mineral, and still others 
strongly excluded from all minerals, 
and instead partitioned into the melts. 
Hence, a record of the history of melt- 
mineral interactions will be retained in 
the trace element abundances of 
resulting rocks. 


One approach to using trace element 
abundances to unravel the history of 
these melt-mineral interactions is 
through mathematical modeling. In 
this approach, a plausible history of 
melt-mineral interactions leading to a 
particular sample is postulated, the 
effects of this history on trace element 
abundances are modeled, and the 
resulting calculated abundances are 
compared with observed abundances 
for that sample. This approach often 
allows certain postulated histories to 
be ruled out as incapable of producing 
samples with observed trace element 
abundances, and focuses attention on 
other postulated histories which result 
in good matches with observed abun- 
dances. 

For use in such mathematical 
models, trace element partitioning 
between minerals and melts must be 
quantified. This Is generally done by 
defining a partition coefficient, D, for 
each element and mineral-melt pair. D 
is usually defined as the weight ratio 
of the concentration of an element in 
the mineral to its concentration in the 
adjacent melt. In practice, distribution 
coefficients for many elements and 
minerals have not been measured. 
Moreover, distribution coefficients are 
affected by many variables in nature, 
such as temperature, pressure, and 
the compositions of the mineral and 
melt. The only hope of making sense 


of these effects, and hence of obtain- 
ing values which can be applied to 
model histones of individual planetary 
samples, is through study under con- 
trolled conditions in the laboratory. 

Recently, a program of distribution 
coefficient studies was started in the 
JSC experimental petrology laborato- 
ry. The experimental approach con- 
sists of equilibrating pertinent syn- 
thetic rock compositions at various 
near-liquidus temperatures and pres- 
sures, quenching the equilibrated 
charges to room temperature, and 
measuring the concentrations of the 
elements of interest in the resulting 
crystals and surrounding glass. These 
measurements are currently made by 
using special electron microprobe 
techniques with sensitivities of a. 10 
parts per million. The proposed new 
JSC ion probe facility will be used for 
this project in the future. 

Initial work has focused on the par- 
titioning of rare Earth elements (REE) 
between olivine and lunar mare 
basaltic melts. Results of this study are 
compared In figure 1 with literature 
values obtained from isotope dilution 
analyses of physically separated 
olivine phenocrysts and basaltic 
matrix. The present results for the light 
REE are much lower than the earlier 
ones, by a factor of in the case 
of the extrapolated cerium value. This 
discrepancy is attributed to the pre- 
sence of 0.1 percent matrix con- 
tamination in the olivine phenocryst 
separates in the earlier study. Ap- 
parent distribution coefficient values, 
which would result it olivines having 
as true distribution coefficients the 
values determined in the present 
study were contaminated with 1 per- 
cent matrix and analyzed in bulk, is 
also shown in figure 1 . There is very 
close agreement between these "syn- 
thesized" contaminated values and 
the earlier phenocryst/matrix values, 
supporting the idea that the earlier 
values are strongly influenced by con- 
tamination. 

Future work on this project will include 
measurement of distribution coeffi- 
cients for other elements and minerals 
pertinent to the history of lunar mare 
basalts, lunar highlands rocks, and ig- 
neous meteorites, and use of these 
coefficients in mathematical models 
to evaluate proposed histories for 
these samples. 


Figure 1. — Ollvine/tiquid partillon cooKicIents for rare Earth elements. 
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Medical Information Systems 

Tho udvcnt of niature Shuftlo opera^ 
lions will result in a significant in- 
crease in the number of flights, more 
and different types of crewmen, and 
varied workloads in space activities. 
These changes will make it difficult, if 
not impossible, to handle medical 
operational problems without in- 
creased automation. With these con- 
siderations in mind, the JSC Medical 
Sciences Division has been involved 
in implementoting an automated 
system for assuring that all elements 
of medical support are available for 
each mission, 

The objectives of medical opera- 
tions data management are to provide 
medical operations personnel, sup- 
porting laboratories, and management 
with timely methods for collecting, 
storing, retrieving, manipulating, sum- 
marising, and statusing all elements of 
medical support for a mission both 
from and to local and remote locations. 


To accr'mpiish those objectives, a 
centralized time-sharing computer 
system -- called Life Sciences Medi- 
cal operations Computer (LSMOC) — 
has been implemented along with ap- 
propriate microcomputers, remote ter- 
minals. generalized system software, 
and special application software Ap- 
propriate raw and derived data, facts, 
impressions, and judgments are en- 
tered into this sytem for mission man- 
agement A generalized flow of this in- 
formation IS shown in figure 1 , 

About 10 microprocessors and 32 
remote terminals collect the required 
medical inforr’nation and forward it to 
tho centratized minicomputer (VAX 
11 ^70) This central system consists of 
storage capability (disks and tapes), 
printing capability, and telecom- 
munications. In addition to the 
manufacturers' time-sharing programs 
(software), the system contains soft- 
ware packages to store, update, and 
retrieve information; complete statisti- 
cal analysis: plot variables: and write 
special application piograms. Com- 
puter programs are also available to 
control the access to any part of the in- 
formation so that privacy of the medi- 
cal records can be assumed. 


Tho results of this system should 
enable NASA lo provide quality and 
quantity of medical care with a 
minimum expansion of flight surgeons 
to meet the changes associated with 
many Shuttle flights 


Figure 1 •— Information (low for OFT medical operations. 
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O*compr««sion Hazardt In 
Spaca Crawt 

NASA has been successful m pieveni- 
mg all forms of decompression sick* 
ness in space crewmembers m the 
()ast U S space programs This suc- 
cess IS considered to be due to ade 
quate nitrogen elimination before 
decompression, a crew m excellent 
physical condition, and rnoderate ex- 
ercise levels during extravehicuiar ac- 
tivities During the Shuttle Program, 
the atmosphere of the spacecraft will 
be at sea level pressure (14 7 psia) 
with 21 percent oxygen and 79 per- 
cent nitrogen as compared to the 
Apollo atmosphere of 5 psia and near 
1(X) percent oxygen For this reason, 
procedures have been developed to 
provide nitrogen elimination from the 
body tissues of the crewmembers m 
flight immediately before extravehicu- 
lar activity as compared to Apollo 
when It was done by breathing pure 
oxygen before launch 


The atH>»o*ch taken to avoid the 
hazards of detorrxjression is to con- 
duct research into the effectiveness of 
denitrogenation procedures and to 
propose appropriate inflight ex()eri- 
mentation into the possible effects of 
hull gravity on the nitrogen washout 
rates From an analysis of the data, as 
well as that from other laboratories, 
optimum inflight procedures are 
worked out All such decompressions 
are tested in altitude chambers before 
being used in space Figure 1 illus- 
trates a nitrogen elimination measure 
inent system in the Environmental 
Physiology Laboratory This system 
provides mass flow data on the sub- 
ject's rate of nitrogen elimination A 
similar system ts included in a flight 
experiment proposed for the first life 
sciences dedicatod spacelab mis- 
sion Any changes observed in flight 
will be used to refine the bends pro- 
tection procedures for future missions 
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Image Enhancement Techniquet 
Used to Evaluate Damage to 
Human Celle 

IfTwge entiiincenieni s a computer 
assisted lechmqur' that allows scien- 
tists to observe and accurately 
measure prevKHjsly undistmguishable 
charatrterislics (x changes in an ob- 
ie< t An in^ge is divided into thou- 
sands of tiny squires and each square 
IS given a discrete numerical value 
This process has been used by the 
NASA to transmit pictures from distant 
planets Scientists in the Cell Image 
Analysis Laboratory at the Johnson 
Space Center have adapted image 
enhancement techniques to measure 
subvisual changes in the physical 
characteristics of human cells 

By using epithelial cells from lungs of 
cigarette smokers, a computer- 
assisted method of evaluating the 
degree of cell damage has been 
developed This technique permits 
detection of mmute responses to toxic 
fumes particulates, or other irritants, 
and affords a refined method for 
evaluating st)ace crew exposure to 
rioxious substances The procedure 
provicTes the o^iportunity for inflight 
sample collection and retrospective 
analysis upon return to Earth 

Cell Iniage Analysis combines light 
microscopy and electro optical digitiz- 
ing with computerized data process- 


ing This results in a unique quantitive 
characterization of biological material 
that can be ap()iied to individual cells 
or to a cell population The process 
can be divided into four phases (1) 
Propriycossinq Specimens are col- 
lected and microscope slides are pre- 
pared and previewed The cells to be 
studied are selected and their location 
on the slidr? recorded, creating a cell 
map Preprocessing can be ac- 
conxjlished m any research or diag 
nostic facility having a compatible ter- 
minal and microscope The slide and 
the cell rnap can be mailed to the Cell 
Image Analysis Laboratory for study 
(2) /mage ,k quisition - Each subiect 
cell IS then relocated on an online 
microsax>e and is displayed on a 
rr.onitor where the cell image is 
divided into tiny sqiiares called picture 
elements or pixels Each pixel is given 
a discrete value resulting in digitiza 
tion of the image (3) /mage process 
mq Each cell is edited (removal of 
extracellular debris) and the resulting, 
clean digitized image is stored on 
magnetic fa(W for future analysis. (4) 
Imjqe jnjiysis - Cell data are 
transferred to the master -computer 
where complex data analyses take 
place 

Cell Image Analysis employing 
computer-assisted image enhance- 
nient techniques, overcomes many of 
the limitations of standard cytological 
methods such as viewer subjectivity 


and differences m visual perception 
In this way. heretofore undetectable 
cellular char»ges may be seen and 
quantitated This has opened new 
dimensions to cellular analysis in the 
areas of biomedical research, to rriedi- 
cal diagnosis m general, and to space 
medicine in particular For example, 
muscle niass loss following space 
flight has been precisely measured in 
rats showing a 20 4 percent loss in fast 
rrxjscle fiber size and a 34 7 percent 
loss in the slow muscle fibers It has 
been derTK)nstr3ted that animals ex- 
(X)sed to "sub- toxic" levels of the toxi 
cant chiordane sustained chromatin 
alteration which could only be 
qualitatively verified by image 
analysis Because of its unique ability 
to measure subtle change, image 
analysis provides a way to use human 
lymphocytes to measure radiat'on 
Very small arrxxjnts of radiation can 
effect the normal blastogenic 
response of lymphocytes to mitogenic 
stimulation Iruage analysis can also 
be used as a research tool to quantify 
infii'^hi changes m cell morphology 
thi.; are not detectable by standard 
microscopic methods Such tech- 
niques were used following the Apollo 
senes to help study the inflight loss of 
red blood cell mass The techniqu; 
was used to help study the effect of 
space flight on human embryonic lung 
cells during the Skylab mission 
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Biocidal Ion Exchange 

Positive control of micro-organisms in 
spacecraft potable water systems has 
been a continuing concern since the 
advent of manned space flight 
Through the vartrxjs space programs, 
systems of varying complexity have 
been rjeveloped to provide this con- 
trol Tnese systems include both 
passive and active procedures and 
equipment Passive measures include 
those measures taken before flight to 
initially disinfect the water system 
The active measures involve the addi- 
tion of disinfectants to the water as it 
IS produced from fuel cells during the 
flight 


ORIGINAL PAGE 
AND WHITE photograph 

!t 13 to the latter requirement that the 
develf)piT)ent of the biocidal ion ex- 
change system was directed This 
device is being used on the Space 
Shuttle for potable water treatment 
Different than any of the previous dis- 
infectant additive systems, the bioci- 
dal ion exchange device does not re- 
quire any crew involvement The 
device incorporates an amon ex- 
change resin that is treated with 
iodine as water passes through a bed 
(column) of the resin elemental iodine 
•s introduced into the water This 
iodine serves *wo purposes — it pre 
vents the transfer of viable organisms 
through the bed and imparts a residual 
iodine level in the product water This 
latter feature precludes the growth of 
micro organisms downstream of the 
bed Initial results from the Space 
Shuttle indicate that the resin device 
IS working well. 


A study IS being conducted to deter- 
mine the virucidal effectiveriess of the 
device Future studies will be con- 
ducted to determine the applicability 
of the device for use in spacecraft 
water reclamation systems involving 
the recycling of waste water, irKluding 
urine, for potable and wash water pur- 
poses The objective of this further 
study IS to demonstrate the ability of 
the device to control organisms under 
characteristic operating conditions of 
spacecraft water reclamotion systems 


Figure 1 — Microbial check valve 





Water Recovery System for 
Spacecraft 

1 onij dutaliiHi maniHHi .space epera 
lions, such ,is lhal o( a Space Operte 
lions Center iSOC). will requite vast 
quanlilies u! water supplier, for crew 
consumption, hyyiene. and ex- 
travehicular activity Transporting this 
Wilier to mbit on a regular basis would 
be very t'oslly An estimated 43.000 
pounds of launch weight could be 
saved each 3 months by recycling 
water for the SOQ having an eight 
man t^row. 

In consideration of the potential sav- 
ings. JSC has a method under 
development to recwer water from 
crew wa.stes, such as urine, wash- 
water, anti humidity ctmdensale 


In Januiiry 1S/B. an effort was initialed 
for iieveiofimg a urine water recovery 
tnocess lhal would be an alternative to 
lilt' baselined process, vapor com 
pressmn distillation, which uses 
centrifugal fotct' for water separation. 
This firocess. Ihermoeloctrically in 
legrated mcmlirane evaporation urine 
water recover system iTIMES). utilises 
a hollow filler membrane evaporator 
and a ptnous plate condenser to 
recover polable water from urine and 
other sources by distillation. 

Initially, the wastewater is treated 
with a chemical agent to prevent 
carryover of volatile conlaminanls. The 
wastewater is then healed to 1 50" F. 
passed through llie hollow fiber 
membrane evaporator where Uie water 
vapor diffuses through the membrane 
walls to a reduced pressure steam 
plenum. The steam is then condensed 
tni a porous plate condenser. Ther- 
moeleclric heal pumps ore used to 
transfer lieal from tlie condenser to the 
wastewater, thus saving the latent 
heal of condensation and reducing the 
system power penally. The distilled 
product water is further treated by acti- 
vated carbon, ion-exchange resins, 
and IS disinfected by the addition of a 
biocide The water, now of potable 
quality, is stored in tanks for use on 
demand, 


The TIMES system has been fabri- 
cated and tested at the contractor's 
facility. The system weighs 300 
pounds, occupies 21 cubic feet, re- 
quires 108 Wlir/lb of water, and pro- 
duces water at a rale of 2 ib/hr. The 
system is microprocessor- controlled 
with a multicolored graphics data dis- 
play. It has undergone 500 hours of 
testing with urine and 250 hours of 
testing with washwaler, Currently, cer> 
lain system components are being 
design-optimized to improve perfor- 
mance and reliability Contractor test- 
ing and improvements will continue 
until the scheduled delivery to JSC in 
early 1 982. At JSC, extended tests will 
bo performed to evaluate overall 
spacecraft applicability and identify 
design weaknesses. 

Overall, the TIMES watei recovery 
process offers promise for satisfying a 
critical water supply need for ex- 
tended manned space operations. Ad- 
ditional development will improve per- 
formance and reliability and should 
qualify the water for spacecraft use. 


Figuro I .““TIMES water recovery system. 
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Six-Degree-of-Freedom Hand 
Controller 

Manual conlrol lOvSks of space sysloms 
in a zero-gravity environment are true 
six-degree-of-freedom problems. For 
this reason, all manned space conlrol 
systems to dale, whether for 
spacecraft, remote manipulator 
systems, or maneuvering units, have 
had two three-degree-of-freedom 
controllers — • one for translation and 
one for rotation. All of these centre^, 
systems have required the use of both 
hands to provide full control capability. 
Crew workload requirements make it 
desirable that at least one hand be 
available for other operations. A long 
proposed method for accomplishing 
this goal has been a single integrated 
six-degree-of* freedom controller. 
Designs for several controllers exist, 
but none has ever been applied to 
spaceflight. The intent of the research 
and technology study is to determine 
what problems have inhibited six- 
degree-oMreedom applications in 
spaceflight, attempt to solve those 
problems, design a controller suitable 
for space applications, and to deliver 
preliminary design drawings and 
specifications for a prototype con- 
troller. 


The general approach for establishing 
the preliminary design is to search lor 
previous six-degree-of-freedom 
designs, review these existing designs 
assessing their strengths and weak- 
nesses. establish potential design 
concepts including new concepts, 
conduct feasibility tests, recommend a 
concept for design, and provide the 
drawings and specifications for pro- 
totype construction. The study is being 
conducted by CAE Electronics Ltd. 


Figure 1.— Six degreo-oMreedom con- 
iroller conoepl lest jig. 


The study has progressed to the point 
that a concept lias been developed 
and IS undergoing feasibility testing 
(fig 1). The investigation of previous 
designs resulted in the determination 
'•>al there is currcHilly very little work in 
c B six-degree-of-freedom controller 
field. Most pOsSl work has associated 
with preliminary research in the Apollo 
program or with helicopter research. 
Manual controller design and evalua- 
tion IS normally a minor task in vehicle 
handling chBracterislics for a particu- 
lar aerospace vehicle design. Program, 
managers are very reluctant to pioneer 
new territory with their particular vehi- 
cle, and pilot acceptance of new con- 
trol techniques is low because of the 
lack of full flight simulation or actual 
flight evaluation. No completely docu- 
mented previous research in six- 
degree-oHreedom manual conlrol 
could be found. It is anticipated that 
the design developed as a result of 
this study could be evaluated and po- 
tentially utilized in the manned remote 
work station (MRWS) or as an upgrade 
to the Shuttle Orbiter remote 
manipulator .’.yslem (RMS). 
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Anthropometric Measurement 
System 

Designing work stations and living 
quarters for use in space requires 
knowledge ot the physical charac- 
teristics of the people using them 
Size, posture, and reach capabilities 
vary greatly between individuals 
Finding ways to collect this informa- 
tion and to use it in the design p'ocess 
IS a matter of some concern to NASA 
Equipment that will collect these data 
in realistic situations has been 
developed by NASA 

Typical problems that face desig- 
ners include "Can all crewmembers 
reach a switch in this location'^", 
How much force can a crewmember 
exert on this handle’". "Can a person 
fit through this access hatch’" Tradi- 
tionally. answers to these questions 
have been obtained by building fell- 
scale mockups, putting people in the 
TTxxikups, and trying the operations. 
This has been a costly, time-consum- 
ing procedure that could only be ear- 
ned out after a design was nearly com- 
pleted 


Figure 1 — Leri -hand reach envelope for 
suited astronaut (photographed during data 
collection processi 



New design prcx:edures are being 
developed based on the power and 
flexibility of a computer-aided design 
system that can access descriptions of 
the astronaut population and make 
them available to design engineering 
from the preliminary design stage to 
final stages One important step in 
these prixedures is to collect digital 
data describing the region of space a 
person can reach (reach envelope), 
and how much fcxce can be applied at 
points within the envelope Many fac- 
tors affect the shape and size of the 
reach envelope These include the in- 
dividual's size, attire (shirt sleeves or 
pressurized suits), and physical 
restraints such as seat belt, shoulder 
harness, foot restraints, etc Ideally, 
data for each situation would be col- 
lected for the entire astronaut popula- 
tion 

In order to collect these data in a 
minimum time with maximum ac- 
curacy. an automatic system that sam- 
ples and records position and force 
during subject motion was needed A 
system, called a kmesimeter. was 
designed by Dr WilliarriB Thornton at 
JSC The system consists of three 
video cameras that view the subject 
from different angles, a 
microprocessor to synchronize the 
camera scans and detect a bright spot 
in the video signal, and a digital 
recording device A small light is at- 
tached to the point to be tracked — 
e g.. a fingertip — and as it rrxves in 
the field of view of the cameras, its 
position IS digitized and recorded 


A person sweeping out a reach en- 
velope while wearing a pressurized 
space suit is shown m figure 1 The 
elapsed-time photograph demon- 
strates the envelope marked by the 
light The kmesimeter digitizes points 
from that envelope The prototype 
kmesimeter uses standard virJeo 
cameras, with a scene-processing 
t'me of 1/60 of a second, and can 
track, at most, two lights A high- 
speed kmesimeter. capable of track- 
ing up to 30 lights at a total data rate of 
10,0(30 points per second, is nearing 
completion When this system is 
available, it will be possible to collect 
information on arm and leg movement 
patterns, for example, by attaching a 
number of lights to the subject’s arm 
and tracking the position of wrist, 
elbow, and shoulder as the person 
performs typical space tasks 

Simply collect. ng these numbers 
would be of little benefit if they could 
not easily be used m design and 
evaluation However, the digital format 
of the data enables graphic display by 
a computer-aided design (CAD) 
system m conjunction with work sta- 
tions and proposed tasks In many 
ways, this is the functional equivalent 
of putting a crewmember m the work 
area while it is still on the drawing 
boaid Data collected by the 
kmesimeter have been used tor 
evaluating reach capabilities for 
assessing the feasibility of proposed 
extravehicular activities 



] 

I 


76 OSS 



Microprocessor Based 
Physiologic Instrumentation 

1 hrough the yeats. NASA has been in 
the forefront in the need for and 
development of remote and auto- 
mated biological monitoring systems 
A JSC contractor developed a bed 
side arrhythmia monitor This instru- 
ment (fig 1) IS capable of receiving 
electrocardiographic input from a 
human subject and. through the use of 
micro- processor algorithms, categonj- 
mg each beat as normal or abncwmal If 
the heartbeat is abnormal, the unit 
then decides whether a premature 
beat IS supiaventricular or ventricular 
in origin and quantifies it in respect to 
coupling interval, frequency, or repeti- 
tive patterns Bradyarrhythmias and 
tachyarrhythmias are treated with their 
own formats Data can be displayed as 
hourly summaries or as line or bar 
graphs 


Figure 1 •- A bedside arrtiytrtmia monitor 


In the hospital setting, this technology 
IS being utilized to replace the trao 
tional Hotter monitoring, with the ad 
vantage of immediate recall of col- 
lected data The NASA units will be 
placed on the Mission Control Console 
at JSC for real-time monitoring of the 
astronauts during the second and sub 
sequent Space Shuttle missions 


Although the arrythmia monitor does 
not eliminate the need for human 
overreading, precise quantitatKXi and 
assurance that d<ita are not lost are 
major .idvances of the system 
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Rogenorable Carbon Dioxide 
(CO2) Removal for Portable Life 
Support Systems 

Carbon dioxide (CO 2 ) control on tho 
portable life support system for ex- 
travehicular activity (EVA) is presently 
accomplished by llie use of expenda- 
ble lithium hydroxide cartridges. This 
approach, white adequate for the few 
EVA’s anticipated for the early STS 
missions, would represent a sizable 
weight, volume, and logistics burden 
on future planned programs where a 
significant number of EVA sorties may 
be needed to deploy and assemble 
large systems in space. 

A regenerable concept that will pro- 
vide the CO 2 control during EVA at a 
fraction of the weight and volume 
penally has been under development 
for several years (fig, 1). The concept 
basically involves absorbing the 
metabolic CO 2 in an absorber 
cartridge similar to the present lithium 
hydrogen cartridge and then 


regenerating the spent absorbent 
GlccirochemiGOlly onboard the 
spocGcratt. In the absorber cartridge, 
an aqueous hydroxide electrolyte is re 
lamed in hollow liber membrane lube 
bundles. As the C02“laden air is 
passed over the hollow fiber 
membrane tubes, the COp is absorbed 
by the elecliolyto. reacting with llie 
liydroxyl ions to form carbonate ions, 
At the conclusion of on EVA, the ex 
pended electrolyte is transferred out of 
the hollow fiber membrane tubes into 
a processor module where it is 
eleclroGhemically regenerated. The 
products of the regeneration process 
are a "refreshed electrolyte" absorber 
for EVA use and CO 2 winch may bo 
further processed by the spacecrafi 
system for reclamation of the Oo. 


To date. It has been demonstrated that 
hollow fiber membrane lubes are 
suitable for rolaining the aqueous 
electrotylo and for allowing adequate 
CO 2 diffusion into the electrolyte. 
Also, the regeneration process has 
been demonstrated successfully at the 
single-cell level. Tho next phase in 
the development will involve fabrica- 
tion of a full size absorber cartridge 
and a mullicell regenerator module. 


Figure 1.— EtoclrochonilCQl rogonotnblo carbon dioxldo absorber ossombly. 
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AgRISTAR3 Program 

The Agriculture ar»d Resources Inven- 
tory Surveys Through Aerospace 
Remote Sensing (AgRISTARS) is a 
continuing 6-year program of research, 
development, evaluation, and applica- 
tion of aerospace remote sensing for 
agriculturai resources. It began in fis- 
cal year 1980 and is a cooperative 
effort of the U.S. Department of 
Agriculture (USDA), NASA, the U.S. 
Department of Commerce, the U.S, 
Department of Interior, and the Agency 
for International Development, 

The goal of the AgRISTARS Pro- 
gram IS to determine the usefulness, 
cost, and extent to which aerospace 
remote-sensing data can be inte- 
grated into existing or future USDA 
systems to improve the objectivity, 
reliability, timeliness, and adequacy of 
information required to carry out USDA 
missions. The overall approach is 
comprised of a balanced program of 
remote-sensing research, develop- 
ment, and testing that addresses 
domestic resource management as 
well as commodity production infor- 
mation needs. 

The program specifically addresses 
the seven information requirements 
identified in the USDA Secretary's In- 
itiative.’ 

1 . Early warning of change affect- 
ing production and quality of com- 
modities and renewable resources 

2. Commodity production forecasts 

3. Land use classification and 
measurement 

4. Renewable resources inventory 
and assessment 

5. Land productivity estimates 

6. Conservation practices assess- 
ment 


'joint Program of Research and Develop- 
ment of Uses of Aerospace Technology for 
Agricultural Programs, dated February 
1978 . 


7. Pollution detection and impact 
evaluation. 

While all seven are important to the 
USDA, the first two — early warning 
and commodity production forecast- 
ing— have been given emphasis 
because of the immediate need for 
better and more timely information on 
crop conditions and expected produc- 
tion. 

The technical program is structured 
into eight major projects, as follows. 

1. Early Warning/Crop Condition 
Assessment 

2. Foreign Commodity Production 
Forecasting 

3. Yield Model Development 

4. Supporting Research 

5. Soil Moisture 

6. Domestic Crops and Land Cover 

7. Renewable Resources Inventory 

8. Conservation and Pollution 

These elements (fig. 1) are interre- 
lated through research, exploratory ex- 
periments, pilot experiments, USDA 
user evaluations, and large-scale ap- 

I plication tests. 


The Early Warning/Crop Condition 
Assessment effort is focused on pro- 
viding the technology required for 
worldwide identification of environ- 
mental conditions that affect 
agricultural production and sur- 
veillance of resulting crop conditions 
through remote sensing and environ- 
mental monitoring. A wide variety of 
tasks must be performed to provide 
that technology: basic research on 
crop response (both physiologically 
and spectrally) to the environment! 
field observations to support that 
research: extensions to or modification 
of the results of past research efforts 
and ongoing efforts both in and out of 
AgRISTARS: testing; and modeling the 
results into a system that can operate 
in a timely manner on available data 
and can be easily adapted to specific 
operational needs. 

Early Warning/Crop Condition 
Assessment is colocated at the 
Johnson Space Center with the U.S. 
Department of Agriculture Foreign 
Agricultural Service. Foreign Crop 
Condition Assessment Division, and 


Figure 1 Component projects of AgRISTARS. 
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respond!) to the research needs 
defined by that operational group 
Much of the research is performed by 
researchers at Agricultural Research 
Service sites or by university groups. 
The rtiolding of the research findings 
into the quaseoperational procedures 
IS performed by the Early Warn- 
ing/Crop Condition Assessment group 
in HotJSlon on the same computer 
system used by the Foreign 
Agricultural Service in making their 
operational estimates of foreign pro* 
duetion. 

The Foreign Commodity Production 
Forecasting activity addresses crops 
and region combinations in the U.S. 
and foreign countries (U.S.S.R., Argen- 
tina. Brazil. Canada, and Australia) for 
small grains, corn, and soybeans. This 
project will develop and test afforda- 
ble procedures for using aerospace 
remote-sensing technology to piovide 
more objective, timely, and reliable 
crop production forecasts several 
limes during the growing season and 
improved prehaivest estimates for the 
crops and regions of interest. The 
Foreign Commodity Production 
Forecasting activity builds upon the 
existing remote-sensing technology 
base and extends this technology to 
additional crops and regions. 

Forest Resource 
Information System 

The prime goal of this application pilot 
test was to demonstrate and transfer 
satellite remote sensing technology to 
a major forest product industry user. A 
cooperative agreement was estab- 
lished with the Southern Timberlands 
Division of the St. Regis Paper Com- 
pany. and they also shared in the man- 
agement and costs of the project. 
NASA shared in the management and 
provided the cost for the Laboratory for 
Applications of Remote Sensing 
(LARS); Purdue University was respon- 
sible for the technical demonstration 
of using Landsat multispectral data, 
the training of the St. Regis personnel, 
and assisting in the technical design 
of the system. When St. Regis made a 
decision to implement the system. 
NASA and LARS provided for the 
transfer of Landsat processing and 
classification software to their com- 
puter system, and this became a major 
component of the Forest Resource In- 
formation System. 


The adoption llii.s technology by 
St. Regis into an oporalional environ- 
merit was economically feasible in 
terms of managing data and forest- 
related resources and providing for 
new efficiencies in operational tasks 
with this advanced automated system 
A joint NASA.^St Regis.'Purdue Univer- 
sily Conference on Space Technology 
and Industrial Forest Management was 
held in Jacksonville, Florida, in May 
1981, to demonstrate the successful 
implementation of the system and pro- 
vide the wood product industries users 
an opportunity to evaluate the uses of 
satellite technology for managing 
forest resources. 

Wildland Vegetation 
Resource Inventory 

The Wildland Vegetation Resource In- 
ventory Application Pilot Test (APT) 
conducted jointly by JSC and the 
Bureau of Land Management of the 
Department ot the Interior was com- 
pleted in September 1981 with receipt 
of final project documentation. The 
purpose of the APT was to test and im- 
plement an interactive system based 
on remote sensing technology to 
assist in the inventory of public lands 
under the jurisdiction of Bureau of 
Land Management. The project was 
planned as a three-phase effort in 
Alaska, Arizona, and Idaho beginning 
in May 1977. During the tenure of the 
project, the Bureau of Land Measure- 
ment purchased a mini-computer 
system and established a Branch of 
Remote Sensing at the Denver Service 
Center, The BLM demonstrated their 
in-house capability by independently 
accomplishing the Phase III Idaho test. 
As a direct result of the APT. the 
Bureau of Land Measurement has 
operational projects using remote 
sensing In four western stales with ad- 
ditional projects on the drawing board 
for fiscal year 1 982 and beyond, 

Texas Application System 
Verification and Transfer 

The JSC IS participating with the Stale 
of Texas in a joint Application System 
Verification and Transfer Project to 
develop, evaluate, and transfer tech- 
niques for applying Landsat and other 
data to the needs of Texas natural 
resources management agencies. The 
major objectives of the project are (1) 


to update and integrate state-of-the- 
art remote-sensing technology with 
other information sources available to 
the Slate to form a functional Texas 
Natural Resources Inventory and 
Monitoring System, and (2) to lest and 
evaluate the utility and cost-effective* 
ness of natural resource information 
derived from Landsat data and other 
sources wlien applied in a total system 
context to selected Slate agency man- 
agement activities. The Texas Ap- 
plications Project began in June 1978 
and will continue for 4 years. 

The remote-sensing component, 
including technical assistance in tech- 
niques development of the system, is 
NASA's major responsibility. A pro- 
totype of the system is now opera- 
tional on Texas facilities. The system 
IS being tested and evaluated in sup- 
port of application categories in the 
areas of coastal zone management, 
forestry, water resources, mineral 
resources, and wildlife management. 
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85 Forest Resource Information System 

Funded by Resource Observation. Applied Research, 
and Data Analysis (UF’N«677) 

Project Manager; R. E. Joosten/SH2 
Task Performed by Purdue University Laboratory for 
Applications of Remote vSensing 
Contract NAS 9-15325 

86 AgRiSTARS: Scene Radiation Research 

Funded by Resource Observation (UPN-691 ) 

Project Manager: W. E. Rice/SA 
Task Performed by; NASA, U. S, Department of Agriculture, 
and U. S. Department of Commerce 

88 AgRiSTARS: Pattern Recognition Research 

Funded by: Resource Observation (UPN-691) 

Project Manager: W. E. Rice/SA 
Task Performed by; NASA. U. S. Department of Agriculture, 
and U. S. Department of Commerce 

90 AgRiSTARS; Early Warning/Crop Condition Assessment Project 

Funded by: Resource Observation (UPN-691 ) 

Project Manager; W, E. Rice/SA 
Task Performed by; NASA, U. S. Department of Agriculture, 
and U. S. Department of Commerce 

92 AgRiSTARS; Foreign Commodity Production 
Forecasting Project 

Funded by: Resource Observation (UPN-691) 

Project Manager: W. E. Rice/SA 
Task Performed by: NASA. U. S. Department of Agriculture, 
and U. S, Department of Commerce 

94 Wildland Vegetation Resource Inventory 

Funded by: Resource Observation, Applied Research. 

and Data Analysis (UPN-677) 

Project Manager: K. J. Hancock/SH2 
Task Performed by: ESL Corporation 

Contract NAS 9-15740 

95 Texas Natural Resources Inventory and Monitoring System 

Funded by; Applications Systems Verification Test (UPN-658) 

Project Manager: L. F, Childs/SK 
Task Performed by: Lyndon B. Johnson Space Center 
Department of Water Resources 
Contract T-3499H 


96 Extended Scene Radar Calibration 

Funded by: Resource Observalion (UPN-677) 

Technicol Monitor: R. G. Fenner/ED6 

Task Performed by; L.yndon B. Johnson Space Center 

97 SIR-A Antenna Integration into Orblter 

Funded by: Resource Observation (UPN-666) 

Technical Monitor; H. A. Nitchske/ED6 
Task Performed by; Lyndon B. Johnson Space Center 
Ball Brothers Aerospace Corporation 
Contract NAS 9-15512 
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Forost Resource Information 
System 

With the completion of the St. Regis 
Paper Company/Purduo University 
/NASA Application Pilot Test Project in 
December 1980, St. Regis has imple- 
mented a Porest Resource Information 
System (FRIS) in an operational en- 
vironment (fig. 1). The goal of FRIS 
was to demonstrate the use of satellite 
data for its contribution to a forest in- 
formation system, both technically and 
economically, and support operational 
functions by the user. 

This was accomplished by 
developing specific quantifiable forest 
resource information from Landsat 
multispectral scanner data and cor- 
relating with forest inventory data on 
specific test areas throughout the 
southeastern United States (fig. 2). 
(See FY-1980 Research and Tech- 
nology Annual Report.) 


The specific .software developed by 
the Laboratory for Applications of 
Remote Sensing (LARS). Purdue 
University, for processing Landsat- 
type data was transferred to St. Regis 
and is a major component of the total 
system, As a result of the various proj- 
ect activities, several significant state- 
ments can be made. 

1. Landsat satellite data have 
made important contributions in 
assessing and monitoring natural 
resources 

2. Digital information from space 
can help in carrying out a variety of 
functions for forest management 
operations. 

3. Satellite data merged into an in- 
formation system offer a more respon- 
sive means to meet the increasing in- 
formation needs in managing forest- 
related resources. 

As a result of the successful comple- 
tion of the project and the actual im- 
plementation of an information data 
base system, St. Regis, LARS, and 
NASA hosted a "Conference on Space 
Technology and Industrial Forest Man- 
agement." The conference was held 
in Jacksonville, Florida, on May 7-8, 
1 981 , and provided a unique oppor- 
tunity to demonstrate the value of the 
system, why and how it was imple- 


mented, and its operational flexibility. 
Presentations were made by St Regis, 
LARS, and NASA, and further aug- 
mented by speakers from private in- 
dustry, universities, and government 
involved in various aspects of remote 
sensing, data acquisition, and tech- 
nology transfer. A total of 130 in- 
dividuals attended the conference 
rep'esenting 21 forest product eom- 
parJes, four Federal agencies, three 
state governments, one foreign coun- 
try, nine colleges and universities, and 
six other private firms. The highlight 
was the opportunity to observe opera- 
tion of the FRIS Center that was estab- 
lished by St. Regis early in 1980. 

While the completion of the joint 
APT project was successful in its dem- 
onstration and technology transfer, St. 
Regis operational activities utilizing 
the system have just started. It is esti- 
mated that digitizing 2.3 million acres 
of timberland they own or control 
throughout the six southeastern states 
as input into the automated data base 
will consume 2 to 3 years of intensive 
activity. Upon completion. St. Regis 
will have an operational system to 
merge various types of information that 
will be responsive to critical opera- 
tional activities and provide greater 
efficiencies in managing their valua- 
ble resources for the future. 


Figure 1.— The four phases of the St. Regis Project 


Figure 2. — Land holdings of the Southern Timberland Division of fho 
St. Regis Paper Company, 
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AgRlSTARS; 

Scene Radiation Research 

Scene Radiation Research investi- 
gates crop stage development 
models; the use of spectral/ 
meteorological variables to monitor 
crop condition; and performs feature 
selection/extraclion analysis In sup* 
port of crop identification and condi- 
tion monitoring. Research is being 
performed to develop a technology for 
modeling and simulating Earth scenes 
including atmospheric and sensor 
effects. 

A major goal of the Supporting 
Research Project is to advance the 
state-of-the-art technology in 
agronomic remote sensing to quantita- 
tive rather than qualitative level. A sig- 
nificant accomplishment in Scene 
Radiation Research in 1981 was the 
development of a wheat stress index 
model by AgRlSTARS researchers that 
predicts the daily crop moisture stress 
of wheat and its phenological 
development. The model was 
developed by using improved thermal 
and photothermal responses and 
adding a moisture stress index varia- 
ble to account for the effect of 
moisture on phenology. The model 
also has the capability to accept data 
as an input for planting date, leaf area 
index, and soil moisture. 

The wheat stress index mode! has 
two mam components; a biological 
clock that generates the phenological 
progression oi the crop and the daily 


crop moisture stress index (fig 1) 
Crop phenology is modeled from tem^ 
peralure and pholopenod response of 
the crop from emergence to 
physiological maturity. The influence 
of the crop-moisture'delicil condition 
on phenological development is an 
important input parameter in the 
model The model simulates the slow- 
ing down and hastening effects on 
development due to moisture stress. 
The crop moisture stress index is 
derived from simulation of water rela- 
tions in the soil-plant-atmosphere 
continuum. The stress index reflects 
the moisture deficit condition of the 
crop relative to the available soil 
moisture, the evaporative demand of 
the environment, and the crop water 
requirements at a given stage of 
development. 

Evaluation of the wheat stress index 
model, including a comparison with 
the Robertson Biometeorotogical Time 
Scale model over independent data 
acquired in the I960 crop year from 
the Northern Great P'orns, has been 
completed. Both modeis were initiated 
by using the ground-observed planting 
dale (or each field and the same form 
of predicating emergence dates. Each 
model was found to be well correlated 
with the ground emergence date for 
each of the 204 fields with no indica- 
tion of bias. Both models were well 
correlated with the ground-observed 
estimates of growth stage from tiller- 
ing through maturity. 

Overall, the wheal stress model 


Flguffl 1 Simplified diagram of the flow o( the wheat stress indicator model. 





provided sigmlK’ant imjrfovemenl over 
the Robortsutt mudei based on a lioid’ 
by field grovvtb .stage error analysis 
Eighty percent d ihe wheat stress 
model estimatoo were within .5 stage 
of the ground observed estimates, 
white only 08 percent of the Robertson 
model estimates wore within 5 stage, 
The improvement occurred primarily in 
the heading and seed development 
stages for spring wheal 

High accuracy for these stages is 
especially important for crop iden- 
tification using remotely-sensed data 
and for yield estimation, since stress 
during these .stages can reduce yield 
by as much as 50 percent. The model 
has been requested by USDA for 
evaluation for use in their operational 
system. Further improvements to the 
wheat stress model are anticipated by 
incorporating spectral data to estimate 
planting date, leaf area index, and soil 
moisture. 

Simulation of spacecraft sensors 
(anolhei Scene Radiation Research 
ellort) IS important in projecting the 
performance of the thematic mapper 
prior to launch, and it is also important 
in evaluating the sensitivity of informa- 
tion extraction algorithms (e.g„ crop 
identification, crop condition, and crop 
stage) to the varying condiltons under 
which the data are taken, Using ths 
simulated data, selected variables can 
bo held constant, while the variable of 
interest is changed, and the sensitivity 
of the algorithm evaluated. For exam- 
ple. the impact of impure pixels on 
classification can be examined as a 
function of registration error. Similarly, 
the effect of acquisition loss on ac- 
curacy can be examined. 

Simulation of spacecraft imagery 
over agricultural areas requires the 
field structure, sensor response, crop 
reflectance distribution, atmospheric 
characteristics, and cropping prac- 
tices to be modeled. Two approaches 
have been used for generation of the 
simulated thematic mapper data. In 
the first approach, an aircraft scanner 
(NS-001), which IS similar to the 
thematic mapper, was used to collect 
data over a corn and soybean area in 
Webster County, Iowa, These data 
were then scan-angle corrected, 
calibrated, rectified, and resampled so 
that the data closely approximate the 
thematic mapper data (fig. 2). This ap- 
proach has the advantage of having 
true agricultural field boundaries and 
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true variability within and between 
fields. tx(t It has the disadvantages 
thiit the aircraft data must be corrected 
tor scan angle, etc and that numerous 
aircraft missions rnust be flown to 
sirrxiiate a crop year The secorvl ap- 
(>roach involves rrKxleling and simula- 
tion based on field spectrometer data, 
converting it to the thematic mapper 
bands, calibrating the data, and paint- 
ing a raster scan of the data at 
thematic mapper and rrxjltispectral 
scanner resolution using realistic field 
boundaries from aerial photography. 
However, to use this approach, models 
are rr^juired to develop realistic esti- 
rriates of within and between field 
variability OfKe such models are 
available one can control the charac- 
teristics of the scene, such as the 
spectral distnlxition of each crop. tTie 
spectral distribution of the boundary 
(or mixed) pixels, and the field size 
distribution Acquisition dates can be 
simulated to reduce the large number 
of aircraft flights by incorporating a 
tennxxal nxxlel of the crop reflec- 
tance F igures 3 and 4 show images of 
both thematic mapper resolution and 
muitisfjectral scanner resolution for a 
sn^ll grains/corn area in Kingsbury 
County. South Dakota, generated by 
using this technique The improved 
resolution of the thematic mapper 
shows much improved field bound- 
aries especially for the strip fallow 
fields in the upper right of the image 
Research has shown that 80 percent of 
the crop pixels will be pure for 
thematic mapper (i e . only one crop 
per pixel), whereas with multispectral 
scanner. 40 percent of the crop pixels 
will be pure 

In (he near future, these simulation 
tools will be used to investigate the 
effect of the boundary pixels on 
classification performance, the tem- 
poral sampling effect on classification 
performance, and the improvements of 
thematic mapper over the 
multispectral scanner in terms of 
classification performance. 

Research is also underway to 
merge these two approaches to 
sirnulation with a third, which uses a 
crop reflectance model (Suits) and a 
crop development n-iodel or growth 
nxxlel (Ritchie) This will allow even 
more flexibility in performing sen- 
sitivity analyses of crop scenes sirx:e 
the crop profile will be able to be 
generated without assuming the ap- 
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plicability of an empirically derived 
temporal model. Sensitivity studies of 
reflectance to leaf area index, 
biomass, water stress, et cetera, will 
then be feasible with only minimal 
aircraft data and tiald spectrometer 
data 


Figure 2 — Simulated Itwmetic mepper 

deta 


Figure 3 — Simulated ttwmatic mapper (TM) scene of spring wl>eat segment Blue, green and 
red - ctxinnels TM-2. TM-3. and TM-4 

Figure 4 — Simulated ttiematic mapper (TM) acerw of spring wt>eat segment with multispectral 
scanner resolution Blue, green and red “ chanrtela TM-2. TM-3. and TM-4 
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AgRISTARS; 

Pattern Recognition Research 

PatJern Recognition Research in* 
vestigatps automated information ex- 
traction approac! les for crop identifica- 
tion, crop growth stage estimation, and 
crop condition monitoring. It is 
designed to develop accurate and effi- 
cient procedures for crop-area estima- 
tion being investigated at both single 
segment (5 by 6 nautical miles) and at 
the large geographical region 
(multisegment) level, Accurate iden- 
tification of key crop development 
stages and the assessment of the con- 
dition of the crop are important ele- 
ments in the advanced-crop-acreage- 
estimation research program. The pat- 
tern recognition research program is 
integrated with scene radiation 
research and receives a number of im- 
portant inputs from that program. 

In LACIE, registered multidate 
muitispectrai scanner system (MSS) 
data were provided by the Goddard 
Space Flight Center LACIE processor, 
This system provided registration at 
the 1974 state-of-the-art technology. 
AgRISTARS is now using data pro- 
cessed at Goddard Space Flight 
Center and further refined by the JSC 
registration processor. Preliminary 
estimation of the registration accuracy 
with this combined system is at or 


below 0.5 pixels. Further improve- 
ments toward the goal of 0.2-pixel ac- 
curacy are in work. 

Many crops appear spectrally simi- 
lar in Landsat MSS data at a given 
point in time: separation of these crops 
are oniy possible by use of muitidate 
sequences of MSS imagery, v/hich 
allow individual crops to be recog- 
nized on the basis of their temporal 
spectral development. Multidate se- 
quence analysis does not produce 1 00 
percent accuracy in crop recog. ution 
because of visibiiity of crop temporal 
spectral development patterns (sig- 
natures) because of such factors as 
planting date, variety, and weather. 
The approach to this problem has 
been predicated on the following 
judgments: 

1 . The requirements to assess the 
crop identity at a sufficiently large 
number of locations to make an accur- 
ate estimate of crop proportions can- 
not possibly be done economically 
unless it is automated. 

2. The current lack of quantitative 
understanding of how crop signatures 
are affected by external factors re- 
quires the use of a human analyst to 
adjust the parameters of the auto- 
mated processing system to the local 
conditions. 

In practice, the analyst has to 


Figure 1. — Advanced proportion estimation procedure (ADEP). 



manually identify riabel") training 
samples from the Landsat image to be 
machine processed. An approach 
called APEP (Advanced Proportion 
Estimation Procedure) for estimating a 
crop acreage not requiring manually 
identified-training samples is being 
studied. The estimates for this ap- 
proach can be unbiased, which is a 
consequence of abandoning pre- 
viously used classification aoproaches 
in favor of a "direct" method for 
estimating crop acreage. 

The major functional elements of 
APEP are shown in figure 1. By using 
models of crop growth, called profile 
models, successive Landsat acquisi- 
tions of data over time are transformed 
into a sequence of growth-variable 
values. The primary function cf these 
transformations is to remove ex- 
traneous effects of the data that are ir- 
relevant for crop identification. A 
statistical model, called a mixture 
model, is then used to estimate the 
proportions of the crops of interest in 
the Landsat scene. To complete the 
process, each proportion estimate 
must be given a crop name which is 
referred to as a labeling function. 
Labeling is achieved by associating a 
predicted growth curve for a given 
crop, as derived from meteorological 
data, with one of the growth curves 
estimated from the mixture model. 
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In the 1980 report, ttie Crop Spectral 
Temporal Profile (fig 2) was reported. 
The profile is a mathematical repre- 
sentation of the Lancisal mullidate 
data which is the key to any area 
estimation procedure. This represen- 
tation of the MSS data permits an ex- 
traction of agronomically meaningful 
features of the crop such as planting 
date, growing-season length, the rate 
of greenup, and the senescence rate. 
An area estimation procedure based 
on these agronomic variables has 
been developed for the separation of 
corn, soybean, and others. It has been 
implemented and tested on data ac- 
quiied in 1978 and 1979. Results of 
the verification tests show a nearly-un- 
biased estimate of the three crop 
categories. 

Figure 3 shows a histogram of the 
rate of greenup calculated from Land- 
sat MSS data acquired over an 
AgRISTARS segment, OS812, in Iowa in 
1978. This shows clearly the separa- 
tion that is possible between the three 
categories. Using various other varia- 
bles calculated from the Landsat, the 
analyst objectively marks 1 5 \o 20 pix- 
els per class in a very short time (less 
than 1 hour). A linear classifier is 
trained on these pixels, and decision 
planes for reporting the crop catego- 
ries are determined. Each pixel is then 
classified by using these planes. This 


technique shows promise of complete 
automation and indicates that area 
estimation is possible about 60 days 
after corn planting. 

In summary, the 1981 effort In Sup- 


porting Research has resulted in sub- 
stantial technical progress and has 
placed the Supporting Research in a 
good positon to initiate the work to be 
poi formed in subsequent years. 


BEST FIT 



• CROP DEVELOPMENT STAGE IS LINEARLY RELATED TO 
AREA A 
AREA A AND B 


Figure 2. — Spectral profile crop development stage estimation. 


Figure 3.— Rale of cn;'p greenup. 
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AgRISTARS Early Warning/Crop 
Condition Assessment Project 

The feariy Warning/Crop Condition 
Assessment Proiect of AgRISTARS is 
dedicated to development of a tech- 
nology that will permit a timely 
response to factors that affect the 
quality and production oi economically 
important crops. This involves the 
abilty to identify the growing factors 
that influence crop conditions and to 
deteriTiine the amount and condition 
of the crops involved. Resources from 
the Agricultural Research Service 
(ARS) and Statistical Reporting Ser- 
vice (SRS) of the U.S. Department of 
Agriculture (USDA), NASA, and Na- 
tional Envrionmental Satellite Service 
(NESS) and Environmental Data and 
Information Service (EDIS) of the Na- 
tional Oceanic and Atmospheric Ad- 
ministration (NOAA) are integrated to 
provide a comprehensive and efficient 
approach to this multifaceted problem. 
Project personnel are colocated with a 
using unit of USDA, the Foreign 
Agricultural Service (FAS) — Foreign 
Crop Condition Assessment Division 
(FCCAD), to better insure relevance of 
the resulting products. 

Products provided by Early Warn- 
ing/Crop Condition Assessment repre- 
sent improvements over existing tech- 
nology (improved accuracy, more 
timely performance, and extension to 
other areas and crops). Initial 
emphasis was placed upon the 
upgrading of procedures in use by 
FCCAD. Procedures to objectively 
assess crop losses due to hot dry 
winds and poor harvest conditions, 
both major causes of reduction in 
U.S.S.R. production of small grains, 
were needed (fig. 1). Alarm models 
that automatically track environmental 
cond'tions and include soil moisture 
budgets and crop calendars were pro- 
vided to permit the analyst to con- 
centrate on the areas needing more 
attention. These alarm models have 
been developed for small grains, corn, 
and sorgnum, and they are being 
developed for soybeans, cotton, 
sunflowers, and sugar beets. Stress 
models that provide a relative measure 
of severity of stress conditions are to 
follow. 

Parallel to this development and 
improvement in this technology driven 
by environmental data, a major effort 


has been made to provide means to 
exploit remotely acquired data. Tech- 
niques developed in the course of 
LACIE and by other AgRISTARS proj- 
ects are not directly applicable to 
many of the Early Warning Crop Con- 
dition Assessment applications, but 
much of the past field research effort 
and vegetative index research is perti- 
nent and provides a firm foundation tor 
spectral data use (fig. 2). Several 
tasks in progress rely heavily on 
satellite-based observations. Flood 
damage assessment, range condition 
assessment, and native vegetation as 
a crop stress indicatoi are specific ex- 
amples of application of spectral data. 
Because many of the requirements 
placed on the Early Warning/Crop 
Condition Assessment project by the 
user are of a broad-scale nature, 
emphasis was placed upon regional 
conditions instead of specific point 
conditions. This project has served as 
a pioneer in the application of environ- 
mental satellite data (NOAA-6 and -7 
and GOES) as an agricultural sur- 
veillance tool (fig. 3). On a broad 
scale, estimates of vegetative indices 
based on data from these satellites 
can be used to bridge the spatial and 
temporal gaps in Landsat data. These 


estimates can be made daily (except 
for clouds), with a pixel size of 4 
kilometers on a side routinely availa- 
ble worldwide, 1 kilometer on a side 
available on prior request. Tracking of 
the progress of the seasons and sur- 
veillance of agricultural vigor are ob- 
vious applications that can be per- 
formed by using only environmental 
saleliile data after a reference base 
has been established. 

Some difficult problems remain to be 
solved before full use can be made of 
satellite data. While there is no ques- 
tion that crop stress of certain types 
can be identified from satellite data, 
noise originating from different il- 
lumination and viewing geometries, 
atmospheric attenuation and cropping 
practices can confuse the interpreter 
unless procedures to account for these 
are provided. These problems are 
being addressed, and objective 
repeatable estimates of vegetative in- 
dices are expected to become availa- 
ble during the coming year. It is clear 
that the most efficient procedures 
developed during the Early Warn- 
ing/Crop Condition Assessment effort 
will be based on a mixture of environ- 
mental and satellite data. 


Figure 1. — EW/CCA approach to alarm model development. 
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— Comparison of NOAA 6 and 7 
very high resolution radiomeier 
response (top) to reflectance of 
surfaces (bottom) The response 
IS well ruited to separate vegeta- 
othe SO faces and healthy Irom 
vegetation 


Figure 3 — Mouth of the Yangtse is viewed 
by NOAA-6. July 1 4. 1 981 (1 km resolution) 
Blue IS assigned to channel 1 and red to 
chanrwl 2 (the deeper the red the more 
vigorous the vegetation) This scene was 
recorded on a disk ready tor analyst use on 
July 16. 1981 
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AgRISTARS: Foreign 
Commodity Production 
Forecasting 

The Foreign Commodity Production 
Forecasting (FCPF) project is building 
upon the technical capability of pre- 
vious research to further advance the 
applications of remote sensing to 
foreign production forecasting. It is 
test-orienled toward resolving the re- 
maining issues in observation of small 
grain.s and extending the technology 
to additional crops and regions. 

The scope of this project involves 
small grains over selected regions 
within Canada. U.S.S.R., and Australia, 
and corn and soybeans over selected 
regions within Argentina and Brazil, 
Area estimation technology will be 
developed and evaluated for each 
crop and region combination. Tech- 
nique development and problem solv- 
ing will be performed in "similar" U.S. 
crop regions (where good ground truth 
for evaluation is available) in parallel 
with the foreign crop regions where in- 
dependent data and statistics are not 
as extensive, timely, or reliable. The 
quality and availability of government 
statistics vary from country to country 
and from region to region within a 
country. Assessment of achievable 


performance in foreign regions will de- 
pend on the performance assessment 
in similar U.S. regions, as well as com- 
parison to independent foreign esti- 
mates and limited foreign ground data 
available, 

AgRISTARS activities in FCPF during 
fiscal year 1981 were scaled down 
from the major research and tech- 
nology activities mentioned In the an- 
nual report for 1980 as follows; crop 
regions now number 9, not 12: five 
other countries, rather than six, are in- 
volved because India is no longer in- 
cluded: the wheat-barley study has 
been reduced to a study of small 
grains: and rice has lieen eliminated. 
Budgetary considerations are the pri- 
mary cause for these changes. JSC 
has given the Environmental Research 
Institute of Michigan and the Univer- 
sity of California at Berkeley a major 
role in improving area estimates for 
corn and soybeans, while JSC has 
concentrated on more accurate, 
timely, and less costly estimates of 
small grains area, as well as evaluat- 
ing corn and soybeans methods. 

Satellite-aided methods for making 
improved crop production forecasts in 
selected countries without the use of 
ground observations remains the over- 


all objective of FCPF. Specific objec- 
tives for 1981 were (1) evaluating 
methods for obtaining late season 
figures on acreage of small grams, 
corn, and soybeans; (2) continued 
reduction of the time and costs of in- 
formation extraction from satellite 
data: and (3) initial research on exten - 
sion to Argentina of U.S.-based a: 3a 
estimation procedures. 

The effects of improved timely esti- 
mates of global agricultural production 
have so many ramifications that it is 
difficult to determine an accurate 
monetary evaluation figure. However, 
billions of dollars in U.S. trade are in- 
volved (fig. 1). Decisions made by 
businessmen, individual farmers, and 
those who determine national policies 
or procedures are certainly strongly in- 
fluenced by information on worldwide 
agriculture production, A little im- 
provement is worth a lot. Studies of 
global food and fiber for future genera- 
tions indicate the need for production 
figures in order to promote increased 
regional production to offset losses in 
other areas. 

Advances in the accuracy of 
estimating the area of spring small 
grains through applied research, using 
aerospace to advantage, are illustrated 
in figure 2. Note that differences be- 
tween FCPF and the reference stand- 
ard (USDA) have narrowed from 30 
percent in 1 975 to 9 percent or less in 
1981, with deviations about the 
average as shown, and support of 
within 10 percent accuracy, 90 per- 
cent of the time. 

Also. Improvements have been 
made in statistical estimation for the 
proportion of a sampled area that is 
planted to summer crops (peak growth 
in summer) and a further breakout into 
corn, soybeans, and other crops. Sum- 
mer crop areas were in agreement 
with ground observations on 1978 
data, and 2 percent high on 1 979 data. 
This level of accuracy, comparable to 
the spring small grains area estima- 
tion, was accomplished in 2.5 years of 
research through the use of ex- 
perience gained in dealing with small 
grains over the past 7 years. Analyses 
tend to overstate the area of corn, and 
understate that in soybeans, com- 
pared to ground observations, the 
1981 analysis of crop year 1978 figure 
for corn was 15 percent high, and 
decreased to 6 percent high on 1979 
data. Soybeans were 1 9 percent low 


Figuro 1.— U S. agriculture's contribution to balance of trade. 
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for 1978, and 3 percent low on 1979 
data. Additional research indicates 
iiTiprovemenls in these relative 
differences. 

Recent research was directed at 
understanding and automating 
analysis of aerospace data. In an effort 
to reduce costs, the results of this 
research, with additional refinements, 
was brought into application during 
fiscal year 1981. Evaluation of a pro- 
cedure, which is almost totally auto- 
matic. indicates analysis can be 
reduced to 0.5 hour per segment and 
still sustain or even improve accuracy. 
In 1975 it took 12 hours to process a 
segment, as shown in figure 2. Cur- 
rently the number of segments that 
can be processed by one analyst in 1 
day is 16, for a significant increase 
without loss of accuracy. 

A corn and soybean experiment in 
Argentina is now planned for fiscal 
year 1983, Ground truth has been col- 
lected from 16 locations in Argentina 
during fiscal year 1981 and will be 
digitized into a computer for develop- 
ment and verification tests (see fig. 3). 
A similar area in the United States has 
been designated for development ol 
procedures that, with modilications. 


Figure 3 — Argentina indicator region. 
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may be applicable to that country 
(see (ig. 4). 

The basic significance of these factors 
— increased objectivity, accuracy, 
and efficiency, and thus improved pro- 
ductivity — is that USDA, or any user, 
may soon be able to process sample 


segments from a country or region with 
just a few analysts and obtain an ac- 
curate crop area estimate in about 1 
week. When accurate, timely crop 
yield models are available, the area of 
estimates can be combined with 
these to produce accurate, timely crop 
production estimates 



Figure 2.— FCPF achievement of Increased accuracy and efficiency. 
Figure 4. — United States foreign similarity regions, 1 981 . 
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Wildland Vegetation Resource 
Inventory 

The Application Pilot Test (APT) was a 
collateral venture between NASA and 
the Bureau of Land Management 
(BLM) of the Department of the Interior 
to test and implement an interactive 
Wildland Vegetation Resource Inven- 
tory System based on remotely sensed 
data and oriented to BLM state and 
district office management require- 
ments Planned in three phases with 
test sites in Alaska. Arizona, and 
Idaho, the protect was initiated in May 
1977 and completed in September 
1981 with delivery of the final docu- 
mentation by the NASA contractor 


Training and experience gained by 
BLM during the first two phases, along 
with their purchase nf a minicomputer 
system and establishment of the 
Branch of RerrxMe Sensing at the 
Denver Service Center (DSC), pro- 
vided BLM the opportunity to indepen- 
dently exercise their capability over 
the Idaho Test Site Transfer of the 
system to BLM and project documen- 
tation were completed during this third 
and final phase of the APT 


LandMl vagatation claMilication of Ifw Arizona Teat Site 
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The interactive system and 
capabilities developed by BLM as a 
direct result of the APT has proven to 
be very beneficial as an added 
capability lor inventorying and 
monitoring the lands under their man- 
agement BLM/DSC IS applying Land- 
sat renote sensing technology to proj- 
ects in four western states — two in 
Arizona, two in Idaho, two in New Mex- 
ico. and two in Wyoming These proj- 
ects are in support of soils, vegetation, 
and fire management studies Other 
BLM state offices have requested 
assistance and more than a dozen pro- 
posals are being evaluated for imple- 
mentation in fiscal year 1982 and 
beyond The final project review, origi- 
nally scheduled for early 1981. has 
been rescheduled for December 1981. 
The ready acceptance cJ this new 
technology by the BLM and increasing 
requests from their state and district 
offices for assistance is evidence of 
the success in using Application Pilot 
Tests for dissemination of new tech- 
nology 
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Texas Natural Resources 
Inventory and Monitoring System 

The punKKie ol this pro;ect is to 
develop, test, and evaluate ap* 
pfoaches .ind piocedures tor integia- 
my Landsiit and other renxite sensing 
d.ita with nxxe conventional data 
stxiices (e g , census, rnaps. and field 
surveys) to augment and make nxve 
effective the existing information data 
base supporting Texas natural 
res<.xjrces management agerxries The 
maicx gc>al is to integrate the use of 
Landsat and other remote-sensing 
data into the diiy to-day decisionmak- 
ing processes of the Texas resources 
management agencies To ac- 
complish this gcvil. the utility and cost- 
effectiveness of the information 
derived from rerrxitely sensed data 
must be evaluated in an ot)erational 
environment using ongoing manage- 
ment requirenrents of selected state 
agencies as evaluation criteria 

This project is a jornt effort of JSC and 
consortium of 13 Texas agencies 
known as the Texas fsiatural Resources 
Information System the project started 
in June 1978 and is expected to span 
4 years The project will develop, test, 
and evaluate a Texas Natural 
Resources Inventory and Monitoring 
System based in part on information 
derived from rerr»te sensing The 
system will consist of three compo- 
nents a remote- sensing information 
subsystem, a geographic information 
subsystem, and a natural resources 
analysis subsystem Figure 1 illus- 
trates a type of output product associ- 
ated with geological exploration 
The major responsibility of NASA is 
to assist Texas m upgrading its exist 
mg experimental rerrxDte- sensing data 
analysis capability and to interface 
this capability with other sources of 
natural resources information available 
to the state The software capability is 
being developed in two parts The first 
part was completed by NASA m early 
fiscal year 1980 The major respon- 
sibility of Texas includes developing 
the remaining remote- sensing soft- 
ware. expansion of the existing 
geographic information subsystem, 
development of the natural -resources 
analysis subsystem, and preparation, 
testing, and evaluation of output prod- 
ucts 


To carry out the responsibilities of 
both parties, a Merrxxandum of Under- 
standing was instituted. Responsibility 
for management of the project is 
shared by a Texas Project Manager 
and a JSC Deputy Project Manager. 

The technology developed for this 
project will be documented for transfer 
to the public domain through NASA's 
Regional Technology Transfer Centers 
and the Computer Software Manage 
ment and Information Center 
(COSMIC). Texas will also furnish a 
final report on the utility of the system 
and a cost and accuracy analysis 
study. 

Accomplishments during the past year 
are as follows; 

1 Acquisition of aircraft data over 
the 5 major test sites was completed 
by the NASA rerrxjte sensing aircraft 
project This was a major program 
achievement and permitted startup of 
data analysis activities in the five ma- 
jor applications test and evaluations 
projects 

2 The remote sensing data 
analysis system was completed with 
the installation of the MATRIX color 
graphics camera and the refinement of 
software procedures It is now possible 
for the operators to conduct interactive 
analysis and produce output products 
in a real-time rrxxJe. The system is 


capable of displaying raw or classified 
Landsat digital data and performing 
data enhancements including contrast 
stretching, band ratioing. and generat- 
ing false color composites 

3 Data pertaining to the test sites 
were implemented on the Geographic 
Information Subsystem (GIS) Use of 
this system in conjurKtion wth the in- 
teractive analysis subsystem provides 
a means for integrating and analysing 
renxite sensing data and various other 
information in suptxxt of specific ap- 
plications 

4 The research data facility, in 
Austin, which serves as a data library 
and screening facility, became fully 
supportive to the project and various 
state and local governmental 
organisations The data library was 
enlarged through continued acquisi- 
tions of renxrte sensor and arxrillary 
data 

5 Training courses in rerrx>te sen- 
sing data interpretation and interactive 
analysis on the state systems were 
given to employees of the participat- 
ing agencies 

6 While the project is still a year 
away from cortipletion, suitable 
progress has been demonstrated in a 
number of state applications and state 
support IS expected to continue at the 
present level of nine full-time and 
several part-time employees 


Figure 1 — A ratio image of Larxlsat barxt 5 over band 4 clearly ahouvs a circular feature Known 
as Red Hill, located southwest of the Chirtati Mountains In Presidio County, Texas 
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Extended Scene Radar 
Calibration 

The extended sjene radaf calibration 
IS an effort to verify the precision and 
accuracy of scatterometers and imag- 
ing radar systems used for remote sen- 
sing The precision and accuracy of 
the airborne sensors must be verified 
before quantitative radar back scatter 
data can be gathered Quantitative 
backscatter data are required for most 
agricultural-related applications 


The experiment approach is to 
carefully rneasure the radar rellectivitv 
(on backscatter) of a large 
homogeneous test area (extended 
scene) with a highly calibrated ground 
scatte'umeter system This test area is 
then overflown by the aircraft sensors, 
and the two data sets analyzed wth 
respect to precision and accuracy 
This provides a measure of calibration 
to the aircraft sensors for extended 
scenes Data sets are gathered at 1 6. 
4 75. and 13 3 gigahertz 
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This effort was initiated in 1977. with 
data sets being gathered each year 
thereafter. Various types of terrain 
have been used as tes! areas over the 
years All test sites are located m an 
and climate to minimize the effects of 
surface and subsurface moisture. 

Initial testing was performed at 
Northrup Strip on the White Sands 
Missile Range. New Mexico. However, 
this site proved unusable because of 
subsurface moisture Testing during 
the last few years has been performed 
at the Jornada Experimental Range 
near Las Cruces. New Mexico. Test 
sites of various degrees of surface 
roughness were created for each data- 
gathering sequence by plowing up the 
ground During fiscal year 1 961 . an ad- 
ditional data set was gathered using a 
test site with two degrees of random 
roughness and another with a simul- 
ated row effect due to plowing 

Figure 1 shows the JSC C-130 
aircraft overflying the test site while 
the ground scatterometer system was 
in operation 
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SIR'A Antenna Integration into 
Orbiter 

The Shuttle Imaging Radar (SIR A) — 
developed to evaluate the potential of 
spacetxxne imaging radar as a tool tor 
geologic exploration and. m general, 
tor mineral exploration, petroleum ex- 
ploration. and structural mapping — is 
part of the Office of Space and Ter- 
restrial Applications (OSTA)-I 
payload to be flown on the Space 
Transportation System (STS) second 
mission The SIR-A antenna was 
developed by JSC to be used with the 
SIR A electronics developed by the 
Jet Propulsion Laboratory 


The SIR- A antenrui, nvmufactured by 
B.jll Aerospace Systems Division, con 
sists of seven microstnp array panels 
nxxjnted on a triangular su()port struc 
ture The antenna is attached to the 
OSTA t pallet by an aluminum truss 
structure The nondeployable 9 44- by 
2 1 -meter antenna is rnounted in the 
payload bay in a fixed position at 47 " 
Thermal protection is provided by the 
multilayer alumini/ed mylar covering 
the support structure and by the Beta 
cloth covering the total system 


The 400 pound antenna system was 
reinstalled on the OSIA-1 pallet in the 
cargo integration test equipment 
(CITE) stand in the Operations and 
Checkout building at Kennedy Space 
Center in January 198f Final align 
ment was successfully conducted m 
the CITE in March 1981 Electrical 
checks (continuity, coupling. VSWR) 
wore successfully conducted in June 
1981 The OSTA 1 pallet with the SIR- 
A antenna was installed into the O- 
biter (fig 1) in July 1981. the align 
ment was verified and electrical tests 
were successfully repealed TheSiR-A 
antenna system is ready for the STS-2 
mission 



